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FOREWORD

Th1s document is- Volume II of a two volume data book Th1s vo]ume )
contains the calibration datd app11cab]e to the Eng1neer1ng F11ght v
Unit Serial Number 001 of the-Solar’ Backscatter U]trav1o]et Spectral
Radiometer Mod: 2’ (SBUV/Z). Referérice to  the Table of Contents will
indicate the organization and ‘coritents “of this voluie.’

This document was prepared per item 4OC of Contract NAS 5- 26400 between‘
the Goddard- Space F11ght Center (GSFC) GreenbeTt Mary1and and the




/4
(4
‘ B68U2-78
LIST OF ILLUSTRATIONS (Continued)
Figure Title Page

4-37 thru 41 Sweep Mode -

4-37 Irradiance Response Day 240, -

FEL #127, BaSOg DiffUSEreeeeeeeeaseeceenaseeeasecnn, 4-73
4-38 Radiance Response Day 240, FEL #127,

BaSOy Diffuser....................................l.. 4-74
4239 Irradiance Response Sweeps sec 26 and SeC 36.ceccceccss 4-75
4-40 Irradiance Response sec 36 * 0.93 and

SEC 26 * 1.05.ceeeescasasassssascsssscscsssasnsccnnes 4-76
4-41 Radiance/Irradiance Calibration ConstantS..eeecencecsss 4-77
4-42 thru 50 Sweep Mode Calibration Constants

Versus, Wavelength PTOES «eveereerueenvenreneenennns 4-78

LA R )
L
Wt . 3
y
[ nol
- 5 "
I S S R B
e Y et pm e g o
ST IR DEDy ERw OO0Tf e
e, e 7 v E
ER R & o









/7

(4
‘ B6802-78

Section 1
WAVELENGTH CALIBRATION

1.1 METHOD

Spectral emission lines are generated using hollow cathode discharge tubes and
the internal low pressure mercury arc. Wavelengths are identified from the.

MIT wavelength tables and are corrected for local atmospheric pressure and -
temperature. The instrument is operated in both the sweep mode and-the posi-

tion mode while looking at the sources, and detector response and grating
position data are recorded. The centroid of the instrument profile of each.

narrow spectral line is taken as the grating position corresponding to the
line wavelength. A sine curve of the form shown below 1s~fittedvto the data-

points.
A= Ay sin Ay (CHA,),

1ine wavelength (nm),

d
1

where

grating angle encoder readout at profile

o
1

centroid

The following 12 spectral Tlines from the noted sources, corrected for

Boulder's altitude, were used for the wavelength calibration:

184,90 nm - Hg 283.04 nm - Pt 307.61 nm - In
202.56 nm - Zn 285.23 nm - Mg 324.77 nm - Cu
213.87 nm - Zn - 299.81 nm - Pt 327.51 nm - Cu

253.67 nm - Hg 306.49 nm - Pt 404.68 nm - Hg

In position mode wavelength calibration, zero order location was used.as the
13th point. -

The resulting coefficients for the wave1ength calibration are:

1-1
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Figure 1-3 a

Sine Curvefit, Position Mode

IDLYYFIT=CURVEFITC(X.Y,H,A,SIGMAA)
FUNCTION CURVEFIT.X,Y.W,AR,SIGHAA

IDL>PRINT.R,SIGNAA
81396.8 -9.58732E-085 -3968.3
8.13857E-83 8.27772E-87 J0B.744

1DL >D=Y-YFIT

IDLYFOR I=8,13 DO PRINT,RXCID),Y(I)> LYFITC(I),DC(I)
Grating Wavelength Residual
~ Position Actual Curvefit A
-37.888 3864.9 3865.3 -8.45874
54.328 2998.1 2998 .8 - 9.108327
283.21 2838.4 2829 .9 8.52441
-92.948 3876.1 3876.3 -9.24178
1287.1 2138.7 2138 .4 B.27393
1353.2 2825.6 2025.8 -8.217695
-327.13 3279.1 3274.9 B.21436
~-289.74 3247.7 3248.86 -8.25439
253 .34 2852 .3 2851.9 8.34326
-1426.3 4846 .8 4847 .1 -8.28979
678.57 2536.? 2336.4 8.25886
1586.7 1849.0 1849.1 -7 .60498E-02
3968 .48 P.990B0E+00 O. 25841 -8.25841

IDLOXFIT==AC2)+(1/RC1 ) IXASINC Y/
IDLXDY=Y-YaU ASINCY/ACB))

I0LY0X-XIXFITA~U
I0LX0R=X-XFIT
TOL>FQR I=8.13 DO PRINT.YCID), XCID, XFITCI), DXCI)

Grating Position

‘ Residual
Wavelength

Actual Curvefit (steps)
3864 .9 -37.888 -37.258 -8.62951
2928 .1 94 .326 94.179 8.14123
2838 .4 283.21 282.58 8.71897
3876.1 =352.9548 -32.689 -8.33136
2138.7 1287.1 1286.7 8.36145
2823 .6 1355.2 1335.95 -8.28589
3275.1 ~-327.13 -327.43 8.29797
3247.7 -289.74 -289.33 -0 .35254
2852.3 293.34 252.87 8.46597
4846 .8 -1426.3 -1425.9 -8.42468
23936.7 678.57 678.23 B.34491
1849.8 1586.7 1586.8 -9.91211E-82
8.88888E+B8  3968.8 30 3968.3 -8.3288¢6
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Figure 1-3 b
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FEMI FURCTsHs Ay FsPDEER
Comeiled FONCT
IO PR IT=CORWEFTIT G« Vo il A T TRMARY
FUNCTINW CURVEFITsEs Valde Ay SIGMAA
DURYEFIT =~ F3iled to conuverse
TOL>PRINAT A

21340
[DIZ>FOR 1=

4

<3355
CTX AT CTF 0Ty

=3, 5RYREE-0S
Ns 12 T PRINTAE

0. 0000DE+D [ reitommcn

0 =514.03 2408.3
{ =37 850 20849 1. 0000
2 Sz.FFO P*QR‘l 1.0000
‘3 RER.TS 1.0000
4 -52.630 1.0000
s 120e.9 1.0000
N 1354;2 1.0000
7 =3E%.48 1.0000
3 P 3. 23 1.0000
3 RSR.F1 1.0000
{0 —-1425.8 1.0000°
11 578, N0 1.0000
12 1526.2 S. 1. o0an
12 3%%:0.5 0. 000ODOEFID

IO TFIT=CIRNEFIT 240y e A T TEMARY
TN >PRIAT A« 2 TEMAR
21360 “9,SANIFE-0S 23359, O ei——
2. 798 E-02 "2 6IVIVE-0S {0167

07000 0DEF00 e

B6802-78

Weights set to zero;
wide, camplex line,
zero order not cbserved
in sweep mode.

Final values of Coefficients

IDI>NE
‘e

AFIT
VYartisble "is not

detineds

‘Names= "XFIT. Ercorc detected ats

ILINE "Ds ROOTINE SEMATINSS.
TD>DY==YFIT
TILSFAR I=0.13 10N PRIHT-ﬁnIlcl-I'~1FITtI)-D|rI'
“514.03 3408.3 3409, =
-37.250 3064.9 3054, 9 -4.29@395r02‘
53. 770 29931 R4 <0, 322300
R82.75 2E30.4 2830.2 0. 21113
=52.630 307601 207601 “6. 2500008
12069 213807 2138.3 0.37231
1354.2 RIRS.J6 RIRG. 3 =07 0ER? Residuals
~326. 48 FWTTTL 3274.5 0.57723 ? wavelength (&)
239,22 347 TF 3247.7 1.83574E-02
252.71 2852.2 PRS2 4 =0,10132
<14e5.'¢ 40458 3047, 0 <0 dﬁ“ns
TR, D 253607 BS536.7
1586.2 1849, 0 15249.1 < lanc J
390, R.O00OCE+D0 -1, 0203 el
IDISRFIT=~R i+ I A LIT AT TN A L0
I P DE=K-KFTIT
ID>FAR I=0.13 10 PRIHT-T{IT-H'IH-rFIT S SR ELA S
340803 =514.03 TR
306409 -37.250 =5.90820E= 02
2598.1 SRITTO <0, 44118
28304 2ER2.7S 0. 2RE38
0761 -'58 B0 -8, 52233E-02
2138.7 049109
RORS.E “0 92128 Residuals
287E 1 D, ERZ4E > Grating Position (Steps)
324707 2 2.31R83E-0g
2852.3 25R.55 “0J13741
$046 .8 “14285.¢ =~ 37546
2536.7 ETR. 07 4?(2265EErUEJ
124920 15354 =0 81830 5
D DOOOGE+ND INSSE B AT

1-33












(4
‘ B5802-78

Section 2
LIKEARITY AND DYNAMIC RANGE

2.1 MEASUREMENT OF LINEARITY

The linearity of SBUV/2 1is measured by illuminating it by two rouyhly equal
light sources, first by one, next by the other, and then by both toyether. If
the instrument responds lineariy, the final response is the sum of the first
two responses. To the extent that the instrument deviates from this behavicr,
it is non-linear. To cover the dynamic ranye, successively briyhter sources
are used; each roughly equal to the sum of its predecesscers,

In practice, an FEL lamp 1is 1imaged at the entrance port of an inteyrating
sphere by a concave mirror., Apertures at the mirror are exposed or masked to
produce the various liyght levels, The dynamic range 1is extended by using
neutral density filters.

Suppose that the instrument response to the first light level @, is §, and

i
likewise for '_@z and Sz, . Since _@' and §2 are nearly equal, we

assume linearity over such a small difference and state that:

3. = & (%)

S,

then we add the sources,

ZQ): 5+, - @,(1+§‘:‘

)

™M M
(A precedinyg superscript @ or S denotes the sun of the light levels
from é' to éﬂ .) In yeneral,

"= "P (11 a—gg—)

2-1
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so each new light level can be ca]cu]éted from the response of the instrument

to the previous levels. If the instrument is linear, then Mfyﬁ"gbis constant

over the dynamic range. The degree of change in the ratio with changes in
Mé measures the non-linearities.

SBUV/2 has three gain ranges, sa linearity is measured within each range, and

the gain ratios are measured in the regions where the ranyes overlap.
2.2 LINEARITY TEST RESULTS

The .Tinearity test results are sunmarized in Table 2-2-1, The first three
columns are the relative radiant flux levels M@ to which the instrument was
exposed. The first column fluxes were produced using a neutral density filter
of density 3.851 (ND4) the second of 2.000 (ND2); and the third with no filter
(NDO). The fluxes are normalized between coluuns at midranye, indicated in
the table by encircled values with connecting lines.

The second set of three columns lists the instrument responses in each ranye
to the incident fluxes. The counts are "corrected" by subtracting the back-
ground count Tevel, measured at each flux level while interrupting the direct

light path.

The third set of three columns are the expected counts in the three ranges,
calculated by assuming zero based linearity and arbitrarily choosing a gain
coefficient (ar) for that ranye. That is,

(expected counts) = ap (flux).

The gains chosen were

a; = 281
ap = 2.76
az = 0.0244
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‘The last set of three columns list the percent differences between the mea-
sured and expected counts and represent the nonlinearity of the instrument.
These values are plotted in Figure 2-2-1 for all three ranges. Above levels
‘'of a few hundred couhts, ranges 1 and 3 are linear within 1%; range 2 is not.

Figure 2-2-2 1is a graph of the percent deviations from linearity of the
response of range 2 versus relative radiant input. Below the 800 count level
the response is linear. Above 800 counts, the response is about 1.5% too high
for each doubliny of flux, resulting in a cumulative nonlinearity of about 10%
at the top of the dynamic range.- The response data fits a power curve given

by:
S - a, @1.01985 |

a,:= 246532

to within £0.2% over the ranye from 290 to 60,000 counts. Below 38U counts
the response follows a linear curve,

to within +0.35%.
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Section 3
NATIONAL BUREAU OF STANDARDS CALIBRATION

This section contains the calibrations by the National Bureau of Standards of
Sources and Diffusers used for the Radiometric Calibration of SBUV/2.

3.1 FEL LAMPS

For further information refer to:
U.S. Department of Commerce
National Bureau of Standards

Report of Calibration
NBS Test MNo.: 28951 (P.0. No. 35519)

3-1



“ | UDITED STATES DEPARTMENT OF COIMMERCE

Mational Bureau of Standards
Washington, D.C. 20234

SEP 24 1981

534/226444-1

. 534/226444-2
In reply refer to: (5, 50caa43

534/226444-4 A5 Ep R

Ball Aerospace Systems Division
P. 0. Box 1062, Bldr. Indust. Park
Boulder, Colorado 80306

Subject: Lamp Standards of Spectral
Irradiance

Order No.: 28951 dated September 4, 1981

and P. 0. #35519
Gentlemen:

Enclosed are results of the tests which you requested in the above
reference. Please refer to the above file numbers in any later communi-
cation concerning these tests.

Sincerely,

ﬁ’c‘-n—c.‘é‘( GL?W:’{’%.&M
/£¢W

Klaus D. Mielenz, Acting Chief
Radiometric Physics Division
Center for Radiation Research

Material Tested:

Four Spectral Irradiance Standard Lamps

Enclosure:

Four Reports of Calibration

One Report "Type DXW Lamp Standards of Spectral Irradiance"

One Report "Type FEL Lamp Standards of Spectral Irradiance"

One Report "Revised Uncertainty Estimates for Spectral
Irradiance Calibrations

NBS Technical Note 594-13



FORM NBS-443
(REV. 12-65)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

" REPORT OF CALIBRATION.

of
One Standard of Spectral Irradiance

Supplied to:

Ball Aerospace Systems Division
P. 0. Box 1062, Bldr. Indust. Park
Boulder, Colorado 80306

(See your order number 28951 dated September 4, 1981.)
1. Material

One 1000-watt quartz-halogen, type FEL, tungsten coiled-coil filament
lamp has been supplied by the National Bureau of Standards as a standard
of spectral irradiance and bears the designation F-124.

2. Calibration

The lamp was calibrated using the equipment and procedures de-
scribed in the enclosed writeup, "Type DXW Lamp Standards of Spectral
Irradiance." The preparation and operation of the type FEL lamp supplied
for this calibration are described in the enclosure, "Type FEL Lamp
Standards of Spectral Irradiance." Note particularly paragraph IV of
this enclosure which describes the orientation of the test lamp.

3. ‘Results

The results of this test are given in the attached Table 1. See
also the enclosure, "Reviséd Uncertainty Estimates for Spectral
Irradiance Calibrations."

For the Director,
/:ﬂ—-,,w{ ({ P /%AN/YL
,/-.4'—‘»
Klaus D. Mielenz, Acting Chief
Radiometric Physics Division
Center for Radiation Research
NBS Test No.: 534/226444-1
P.0. No.: 28951 (P. 0. #35519)

Date:  September 22, 1981

3-3



REPORT OF CALIBRATION Page 2 of 2
Ball Aerospace Systems Division

TABLE 1

Spectral irradiance (W/cm®) at 50 cm from lamp F-124 when operated
on dc with the polarity as indicated on the attached identification
plate.

A Lamp No. F-124
(nm) 7.900 amps
250 0.1530
260 .2720
270 .4615
280 .7332
290 1.109
300 1.615
310 2.273
320 - 3.143
330 4.227
340 5.545
350 7.125
400 19.51
450 39.80
500 66.22
555 98.66
600 ‘ 125.4
654.6 154.4
700 174.3
800 203.3
900 212.2

1050 202.9
1150 186.9
1200 ‘ 178.5
1300 160.0
1540 119.1
1600 109.6

NBS Test No.: 534/226444-1
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F-124 FIT

a= 44.5768 Db=-L4667.28 Apparent Blackbody Temperature- 3082.73

TERM COEFFICIENT _ STD. DEV.
1A= =29.4262 7.66576
2B= 0.359997 0.0981992
3C= , -1.59729E-03 4,67766E-04
4D= 3.14923E=06 9.81707E=0T7
5E= -2.32456E~09 7.65712E-10

STANDARD DEVIATION= 5.54185E-03

Wavelength MEASURED PREDICTED
Irradiance Irradiance 9 Difference

250 0.159549 0.159055 0.309623
260 0.282688 0.28514 -0.867387
270 0.479504 0.478042 0.304898
280 0.763172 0.759248 0.514169
290 1.15424 1.15044 0.329221
300 1.67576 1.68038 -0.275696
310 2.35499 2.37193 -0.719323
320 3.25803 3.25676 0.0389806
330 4.37849 4.36226 0.370675
340 5.73634 5.72271 0.237607
350 7.35955 7.37566 -0.218899
400 20.081 20.081 0

AVERAGE S.D.= 0.423349

Curve fit F-124 FEL lamp recalibration- August 1983

This table has been retyped at BASD for the purpose of
legible reproduction.



rFoRM NBS-443
(REV. 12-65)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

REPORT OF CALIBRATION

of
One Standard of Spectral Irradiance

Supplied to:

Ball Aerospace Systems Division
P. 0. Box 1062, Bldr. Indust. Park
Boulder, Colorado 80306

(See your order number 28951 dated September 4, 1981.)
1. Material

One 1000-watt quartz-halogen, type FEL, tungsten coiled-coil filament
Tamp has been supplied by the National Bureau of Standards as a standard
of spectral irradiance and bears the designation F-127.

2. Calibration

The lamp was calibrated using the equipment and procedures de-
scribed in the enclosed writeup, "Type DXW Lamp Standards of Spectral
Irradiance." The preparation and operation of the type FEL Tamp supplied
for this calibration are described in the enclosure, "Type FEL Lamp
Standards of Spectral Irradiance." Note particularly paragraph IV of
this enclosure which describes the orientation of the test Tamp.

3. Results

The results of this test are given in the attached Table 1. See
also the enclosure, "Revised Uncertainty Estimates for Spectral
Irradiance Calibrations."

For the Director,

,(',C}w—n,aid o B g S S Sl
e

Klaus D. Mielenz, Acting Chief

Radiometric Physics Division
Center for Radiation Research

NBS Test No.: 534/226444-2
P.0. No.: 28951 (P. 0. #35519)

Date: September 22, 1981
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REPORT OF CALIBRATION » Page 2 of 2
Ball Aerospace Systems Division

TABLE 1

Spectral irradiance (W/cm®) at 50 cm from lamp F-127 when operated
on dc with the polarity as indicated on the attached identification
plate.

A Lamp No. F-127
(nm) ‘ 8.000 amps
250 0.1578
260 .2818
270 L4795
280 . 7664
290 1.162
300 1.692
310 2.387
320 3.302
330 - 4,446
340 5.835
350 7.511
400 20.65
450 42.18
500 70.30
555 105.0
600 133.5
654.6 164.6
700 185.9
800 217.1
900 227.0

1050 216.9
1150 199.9
1200 190.9
1300 171.4
1540 127.5
1600 116.7

NBS Test No.: 534/226444-2
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Goniometric Mappings

The first three readings are measurements of the aligned position (0,0) at the
beginning, middle, and end of the scan, expressed in volts (full scale). The
table which follows is the voltage output at that particular rotation, divided

by the average (0,0) readings.

Attached you will find goniometric scans of each of the lamps at £3° by +5° at

A 300 nm. In addition, I have included (i) a repeat run on F-128 (i1) F-137F
at A 654.575 nm; and (iii) a sample of the irradiance field of a frosted FEL .
type lamp.

* NOTE: Calibration Lamp data from Lamps F-128 and F-131 is not included here
since the Tamps were not used in EMU-FLT calibration.

[Typed at BASD from hand-written NBS original]
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FEL LAMP GONIMETRIC MAPPING

)

\

»

A/N 3990

(REDRAWN AT BASD FROM ORIGINAL NBS SKETCH FOR REPRODUCIBILITY)

3-9



GONIOMETRIC SCAN OF FEL-124 LAMP

IZXXXXXXEXEXEE R R R AR R KRR AR F-1214 X EXXXX RS RS R R E L R R AR &

9/21/81
WAVELENGTH: 300 NM

+/- 3 DEGREES BY +/- 5 DEGREES

$ .995825 .,992792
97.06 97.63 97.49 97.55 97.66 97.85 97.81
97.73 98.41 98.28 98.46 98.55 98.64 98.69

98.50 98.94 98.92 99.15 98.95 98.14 99.38
98.95 99.35 99.20 99.51 99.42 99.74 99.85
99.03 99.72 99.49 99.73 99.81 99.96 100.14
99.19 99.49 99.60 99.98 99.91 99.98 100.37
98.97 99.55 99.31 99.87 99.75 99.87 100.00
98.82 99.25 99.16 99.4% 99.55 99.52 99.90
98.29 98.80 98.79 98.97 99.00 98.92 99.39
' 97.61 98.23 97.94 98.48 98.41 98.45 98.69
97.20 97.45 97.45 97.64 97.76 97.89 97.95

This table was retyped at BASD for the purpose of
legible reproduction.
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GONIOMETRIC SCAN OF FEL-127 LAMP

ITXSEXEXEEEXEEEEEEEE SR L RS R F_127 E X2 XXX R XXX XXX
9/18/81

WAVELENGTH: 300 NM

+/- 3 DEGREES BY +/- 5 DEGREES

1.02975

$ 1.03125 1.0295

98.20 98.19 98.08 97.88 97.87 97.96 97.80
98.90 98.91 98.91 98.66 98.90 98.90 98.68
99.48 99.37 99.58 99.41 99.39 99.53 99.37
100.06 100.05 99.97 99.71 99.86 99.99 99.82
100.28 100.33 100.20 100.01 100.12 100.22 100.11
100.27 100.10 100.19 100.11 100.14% 100.15 100.04
99.62 99.83 99.84 99.69 99.81 100.02 99.74
99.24 99.21 99.10 99.14 99.31 99.53 99.53
98.24 98.47 98.50 98.44 98.70 98.87 98.88
97.60 97.92 98.01 97.92 98.31 98.23 98.26

97.20 97.50 97.36 97.47 97.77 97.71 97.75

This table was retyped at BASD for the purpose of
legible reproduction.
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W % | UNITED STATES DEPARTMERNT OF CONMMIERCE

T‘Eﬂ . | NMational Bureau of Standards
T o& Washington, 0.C. 20234

March 30, 1982

Mr. Bill Fowler

Ball Aerospace Systems Division
Box 1062

Boulder, CO 80306

Dear Mr. Fowler:

Enclosed you will find copies of the fits performed on your four FEL*
lamps and a table generated for each lamp from 250 nm to 400 nm every
5 nm. The fit coefficients may be applied to the following equation:

e(a+b/>\)

4
) S
>\5

B} 2
E e(A0+A]A+A2A +

A (- ‘“"Bl""f"ﬁa>

o« TALA
by

wheré X is nm/100
A0 is term O

A1 is term T

A4 is tgrm 4

If you have any questions, please contact me at (301) 921-3613.
Sinerely,

James H. Walker
Radiometric Physics Division
Center for Radiation Research

Enclosure

* Curvefits for FEL Lamps F-124 and F-127 are reproduced here as they are the
only lamps used in EMU-FLT calibration.
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F-124 FIT

(WL/100)

az 21.6494 b==47.1039 Apparent Blackbody Temperature- 305452

TERM

0 A=-32.4757
1 B= 40.0895
2 C==17.96

3 D= 3.56856
4 E=z-.265161

COEFFICIENT STD. DEV.

6.13651
7.86086
3.74437
.785831
0.061294

STANDARD DEVIATION= 4.41272E-3

Wavelength MEASURED

(nm/100) Irradiance
2.5 .152969 .152598
2.6 271957 .273915
2.7 LU461516 459792
2.8 .733209 .T7T30L407
2.9 1.10874 1.10808
3 1.61469 1.61735
3.1 2.27269 2.28469
3.2 3.1426 3.13987
3.3 L.22727 4,.21301
3.4 5.5449 5.53643
3.5 7.125 T7.14024
4 19.5106 19.5095

AVERAGE S.D.= .337026

This table has been retyped at BASD for the purpose of

legible reproduction.

PREDICTED

Irradiance

.152602
.273934
.459858
.730504
1.10821
1.6175

2.28513
3.14008
4.21359
5.53699
7T.14075
19.5112

3-13

9 Difference

.242519
-.720082

.373643
.382117

5.93498E-2

-.164666
-.5280096

8.68521E=2

-337431
.152831
-.213917

5.78737E-3

-

.69513E-3
.09385E-3
.44023E-2

.01322

1
9
1
6
1.
1
7
8.

.19631E-2
.13962E-3
.92848E-2
.80356E~3

38988E-2

.02664E=-2
.0655E-3

60334E-3



F-12T7 FIT

a= 21.7316 b=-47.2151

This table has been retyped at BASD for the purpose of
legible reproduction.

(WL/100)

Apparent Blackbody Temperature- 304733

TERM COEFFICIENT STD. DEV.
0 A=-33.1789 6.30721
1 B= 40.7713 8.08114
2 C=-18.194 3.85002
3 D= 3.60131 .808141
4y E=z-.26619 6.30436E-2
STANDARD DEVIATION= 4.52306E-3
Wavelength MEASURED PREDICTED
. (nm/100) Irradiance Irradiance
2.5 157776 .157325 157331
2.6 .281788 .283909 .283931
2.7 LU479536 .478508 .478579
2.8 .T6640T7 .T6254Y .762621
2.9 1.1616 1.15961 .15973
3 1.6923 1.69573 .68592
3.1 2.3866 2.3693 .39952
3.2 3.3024 3.30065 .3009
3.3 4. 4464 4 .43251 43337
3.4 5.8351 5.82926 .82991
3.5 7.5112 7.52175 .5235
y 20.649 20.6487 0.6531
AVERAGE S.D.= .34545

3-14

9 Difference

.286055
-.752599
214275
.504006
171425
-.202761
-.532141

5.30782E-2

312479
.100024
-.140425

1.47792E-3

.7128T7TE=-3
<97783E-3
.48106E-2
.00286E=-2
.06091E-2
.09105E-2
.98305E-3
.6279E-3

.95576E=2
.10922E-2
.32531E-2

15041E-2
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3.2 Mini Arcs
For further information refer to:
U.S. Department of Commerce

National Bureau of Standards

Report of Calibration
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FORM NBS-443
(REV. 12-65)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

February 22, 1982

REPORT OF CALIBRATION

VUV Spectral Irradiance of Argon Mini-Arc I
submitted by

Ball Aerospace Systems Division
P.0. Box 1062 Bldr Indust Pk
Boulder, Colorado 80306

An Argon mini-arc light source, labeled "I", was calibrated for
spectral irradiance in the wavelength range 152 nm to 335 nm based upon
the NBS argon mini-arc!. The latter is a secondary standard of spectral
radiance and had been calibrated previously at 40.00 A with three primary
radiometric radiance standards, the NBS wall-stabilized hydrogen arc®
from 140 nm to 335.nm, a plasma blackbody-line radiator® from 114.5 nm
to 165.6 nm, and a tungsten strip lamp from 250 nm to 335 nm. The
overlap of the wavelength bands of applicability of these three standards
ensured consistency of the calibration base.

A brief description of the method used to transfer from a spectral
radiance source (the NBS mini-arc) to a spectral irradiance source
follows. The calibrated area of the NBS mini-arc is the central 0.3 mm
diameter region where the discharge is approximately homogeneous.

In order to use this radiance source to calibrate the irradiance of
another source, the radiation-of the NBS arc from outside the central
0.3 mm region must be blocked. This was done by the use of a set of

two collimating apertures located between the arc and the spectrometer.
(One aperture also served as the entrance aperture to the spectrometer.)
The response of the spectroradiometer to the radiation from the region
of the arc axis is then a relative measure of the sensitivity as a
function of wavelength. For measuring the irradiance from the source

to be calibrated, the aperture closest to the source was removed, sO
that the complete area of the unknown source was seen by the spectrometer.
To account for slightly different solid angles of radiation entering
the spectrometer from the two different sources, a diffuser was placed
behind the spectrometer entrance aperture for both measurements.

The above measurements determine the irradiance of the unknown
source from 160-330 nm, but only on a relative scale. To get an
absolute scale, the irradiance of the unknown source is compared at
250 nm only to that of a calibrated FEL irradiance standard. For this
measurement, an integrating sphere is used at the entrance aperture to

3-16



a double spectrometer. The double spectrometer is necessary for
rejecting scattered radiation from outside the desired wavelength
bandpass, especially from the tungsten FEL Tamp. Both sources were
-placed 50 cm from the aperture of the integrating sphere.

The spectral irradiance of the mini-arc, in units of W cm 2 nm ?,

is 1isted in Table 1 for an arc current of 40.00 A.

The values of spectral irradiance listed in Table 1 apply to the
radiation emitted by the mini-arc 1ight source through a sealing

window. Also listed in Table 1 is the transmission of the MgF:
ultraviolet window attached to the 1light source and that of an additional
MgF,, window. The spectral irradiance of the arc plasma itself is
obtained by dividing the values given in Table 1 by the transmission

of the appropriate window. The spectral irradiance of the light

source using another window, for example window 2 is then obtained

by multiplying the quotient by its transmission, for example

E. (#1)
EA(#Z) _ A X T(#2) (where, for example, the arc

T(#1) was calibrated with window #1)

In this way damage to the arc window does not result in the loss of a
calibrated 1ight source. Also, it is possible through such substitution

of a calibrated window, to periodically check for deterjoration of the
window due to, for example, condensation on the window of uv-photodissociated
hydrocarbons in the vacuum system.

1. Calibration Conditions. A continuous flow of high purity
(research grade) argon, with total gas cylinder impurities quoted to
be less than 10 ppm (99.999% pure), was used to purge the arc source.
The total flow was 5000 cc min ' and was divided equally in a gas
manifold and directed to the three input gas ports. The output ports
vented directly into the laboratory. The pressure in the arc chamber
was equal to the ambient pressure, measured to be 1.00 atm, or 760 mm
Hg, + 1%.

The arc was ignited by shorting out the anode (+) and cathode (-)
with a tungsten striking rod inserted into the arc channel. After
ignition, the cathode was withdrawn from the arc axis by unscrewing
the cathode holder exactly five rotations from its inwardmost position.

The current was measured using a calibrated shunt, leads, and
digital voltmeter.

The optical conditions for which the calibration is appropriate
are as follows:

a) The arc was aligned with its axis of symmetry along the
optical path. The center arc plate of the arc was 50 cm from the
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entrance aperture, which was Imm x 2mm.
b) The spectrometer resolution was 0.8 nm.

c) A short gas cell is located between the mini-arc and the vacuum
system. It is normally purged with high purity- argon at atmospheric
pressure. Thus, the mini-arc uv window is not exposed to vacuum system
contaminants during a calibration.

2. Mini-Arc Characteristics and Goniometry. The mini-arc calibrated
is a modified version of similar arcs previously calibrated. The modification
resulted in approximately uniform radiation over a much larger solid
angle than that characteristic of earlier mini-arcs. In addition, the
ignition of the arc was greatly facilitated.

By measuring signals as the arc was rotated about its center, the
irradiance was mapped over the major part of the solid angle irradiated
by the arc. Measurements of the irradiance at 320 and 220 nm were taken
at 1 degree increments for both 6 and ¢, where 6 is the angle about a
horizontal axis thorough the arc center and ¢ is the angle about a
vertical axis (See Fig. 1) The results are given in Table 2 and in Fig.
2. Values in the table and figure are relative to the irradiance for ¢
=¢ =0, i.e. where the arc is aligned with the optical axis. The angular
resolution for these measurements was + 0.3 degrees for both 6 and ¢.
The data at 320 and 220 nm showed no significant difference as far as
relative signal vs angles 6 and ¢.

The irradiance of the mini-arc is a function of pressure. The values
in Table 1 apply to an ambient pressure of 1 atm. The irradiance at
other pressures is given by

L(p) = (1.2 p - 0.2) L(O)

where p is the pressure in atmosphere and L(0) is the irradiance at
1 atm. This relation holds for all wavelengths.

Tests have shown that the MgF, window is the component most
1ikely to cause a systematic change in the arc irradiance. Measurements
on the NBS arc indicated a negligible change in the irradiance of the
arc plasma itself after 24 hrs continuous operation. Window deterioration
may arise from radiation damage or from vacuum system hydrocarbons.
Some windows have shown a wavelength dependent change in transmission
of a few percent after several hours use. Therefore, periodic checking
of the window transmission is recommended, as described on page 1. '

The ultraviolet continuum spectrum is interrupted by several
atomic and fonic emission 1ines, mainly in the wavelength region from
114 nm to 135 nm. These lines arise from air and water vapor impurities
in the argon gas cylinder, the gas handling system, and the outgassing
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arc chamber. Table 3 Tists. the wavelengths where these lines occur

for an arc current of 40 A and indicates the relative intensity of the
lines relative to the argon continuum for a bandpass of 0.25 nm.

Figure 3 is a strip chart recording of a photoelectric scan of the
spectrum under these conditions. The width of the lines is instrument-
1imited in this case. High resolution measurements indicate that all
the 1lines have a halfwidth of about 0.01 nm.

3. Uncertainties. The uncertainties are a function of wavelength,
since three different primary standards were used in the calibration
procedure. The uncertainties are summarized in Table 3.

References

1. J.M. Bridges and W.R. Ott, Appl. Opt. 16, 367 (1977).

2. W.R. Ott, K. Behringer, and G. Gieres, Appl. Opt. 14, 2121 (1975).
3. G. Boldt, Space Sci. Rev. 11, 728 (1970).

4. H.J. Kostkowski, D.E. Erminy, and A.T. Hattenburg, in Advances
in Geophysics, Vol. 14, p. 111 (Academic Press, New York, 1970).

For the Director,

Wolfgang' L. Wiese, Chief Jbhn M. Bridges, Physicist

Atomic and Plasma Radiation Atomic and Plasma Radiation
Division Division

Center for Radiation Research Center for Radiation Research

Attachments.



Table 1. Calibrated spectral irradiance of Arc I in units of

Wem? nm . Values of the spectral irradiance are

given for an arc current of 40.00 A, and at a distance

of»50.0 c¢cm from the center of the arc.

_ Spectral Irradiance
Wavelength with window #59 Transmission

(nm) (Wem™2 nm't) Window #59 Window #61
335 8.22 x 1077 920 .937
320 7.81 x 107 917 936
310 7.39 x 1077 915 932
300 6.96 x 107 911 931
290 6.49 x 107/ 1902 .929
280 5.95 x 107/ .879 .922
270 5.52 x 107/ 871 .916
260 5.07 x 1077 876 .910
250 4.63 x 107/ 886 .909
240 4.24 x 1077 .894 .910
230 3.74 x 1077 .894 914
220 3.24 x 1077 .890 911
210 2.76 x 1077 .890 .910
200 2.30 x 107/ .886 .904
190 1.81 x 107 873 898
180 1.37 x 107 .838 .89
170 1.03 x 107 797 871
162 0.84 x 10~ 765 851
152 0.65 x 107/ 719 833
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Table 3. Survey of emission lines present in the 40 A argon mini-arc
spectrum. The spectrometer bandpass is 0.23 nm.

Radiance of line peak
A(nm) Element relative to continuum

115.22
116.79
117.69
118.94
119.38
119.99
121.57
124.33
126.13
127.75
128.98
130.22
130.55
131.07
131.95
132.93
133.53
135.58
141.19
143.19
145.91
146.33
146.75
148.18
149.26
149.47
156.10
157.50
160.04 Ar 11
160.35
160.65
165.72
174.27
174.53
175.19
187.31
188.90
193.09
247.86
328.0-334.0
336.5-342.5
334.5-347.0 Ar IT and Ar I
348.5-350.5 (broadened Tines)
353 and abhove
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Table 4. Uncertainties in mini-arc
spectral irradiance calibration.

Wavelength

(nm)
160-200 - ' 10%
200-330 6%
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Figure 1. Diagrams defining © and ¢
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Figure 2. Relative signal vs ¢, with 6 as parameter, where 6 and ¢
Arc 1 are angles arc is rotated from optical axis. (See text and
Figure 1).
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Table I. Calibrated spectral irradiance of Arc I in units of W

cm

2

nm

-1

Jan 31,1983

Values are given for an arc current of 40.00 A,

and at a distanée of 50.0 cm from the centér of the arc.

Wave1ength Spectral Irradiance Transmission,
(nm) with window #59 Window #59
W cm-znm'1
335 8.66 x 107/ .923
320 8.29 x 107/ 919
310 7.71 x 1077 919
300 7.37x 1077 915
290 6.79 x 107/ .898
280 6.13 x 107/ 870
270 5.67 x 1077 858
260 5.19 x 107/ 860
250 4,80 x 1077 873
240 4.36 x 1077 885
230 3.87 x 107/ 888
220 3.32 x 107/ 886
210 2,73 x 1077 880
200 2.34 x 1077 869
190 1.92 x 107/ 854
180 1.39 x 1077 .816
170 0.987 x 10° 772
162 0.748 x 10° 750
152 0.537 x 10° 711
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Jan 31,1983

Table II. Calibrated spectral irradiance of Arc II in units of

W cm'znm"1.

Values are given for an arc current of

40.00 A, and at a distance of 50.0 cm from the center

of the arc.

Wavelength Spectral Irradiance Transmission,
(nm) with window #60 Window #60
335 8.94 x 107/ 916
320 8.54 x 107/ 915
310 7.96 x 1077 915
300 7.59 x 1077 .906
290 6.98 x 107/ .890

280 6.25 x 107 856
270 5.79 x 107 841
260 5.30 x 107/ 852
250 4.94 x 1077 860
240 4.50 x 1077 877
230 4.04 x 1077 886
220 3.47 x 1077 886
210 2.85 x 107/ 887
200 2.43 x 107 869
190 1.97 x 1077 847
180 1.40 x 1077 790
170 0.975 x 10 731
162 0.740 x 10 700
152 0 673

.538 x 107
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FORM NBS-443
* (REV. 12-65)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. ' 20234

February 22, 1982

REPORT OF CALIBRATION

VUV Spectral Irradiance of Argon Mini-Arc II
submitted by '

Ball Aerospace Systems Division
P.0. Box 1062 Bldr Indust Pk
Boulder, Colorado 80306

An Argon mini-arc light source, labeled "II", was calibrated for
spectral irradiance in the wavelength range 152 nm to 335 nm based upon
the NBS argon mini-arc'. The latter is a secondary standard of spectral
radiance and had been calibrated previously at 40.00 A with three primary
radiometric radiance standards, the NBS wall-stabilized hydrogen arc?
from 140 nm to 335 nm, a plasma blackbody-line radiator® from 114.5 nm
to 165.6 nm, and a tungsten strip lamp from 250 nm to 335 nm. The
overlap of the wavelength bands of applicability of these three standards
ensured consistency of the calibration base.

A brief description of the method used to transfer from a spectral

radiance source (the NBS mini-arc) to a spectral irradiance source
follows. The calibrated area of the NBS mini-arc is the central 0.3 mm

" diameter region where the discharge is approximately homogeneous. In
order to use this radiance source to calibrate the irradiance of another
source, the radiation of the NBS arc from outside the central 0.3 mm
region must be blocked. This was done by the use of a set of two collimating
apertures located between the arc and the spectrometer. (One aperture
also served as the entrance aperture to the spectrometer.) The response
of the spectroradiometer to the radiation from the region of the arc
axis is then a relative measure of the sensitivity as a function of
wavelength. For measuring the irradiance from the source to be calibrated,
the aperture closest to the source was removed, soO that the complete '
area of the unknown source was seen by the spectrometer. To account for
slightly different solid angles of radiation entering the spectrometer
from the two different sources, a diffuser was placed behind the spectrometer
entrance aperture for both measurements.

The above measurements determine the irradiance of the unknown
source from 160-330 nm, but only on a relative scale. To get an absolute
scale, the irradiance of the unknown source is compared at 250 nm only
to that of a calibrated FEL irradiance standard. For this measurement,
an integrating sphere is used at the entrance aperture to a double
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spectrometer. The double spectrometer is necessary for rejecting
scattered radiation from outside the desired wavelength bandpass,
especially from the tungsten FEL lamp. Both sources were placed 50 cm
from the aperture of the integrating sphere. -

2 1

The spectral irradiance of the mini-arc, in units of Wcm 2 nm',
is listed in Table 1 for an arc current of 40.00 A.

The values of spectral irradiance 1isted in Table 1 apply to the radiation
emitted by the mini-arc light source through a sealing window. Also
listed in Table 1 is the transmission of the MgF, ultraviolet window
attached to the 1ight source and that of an additional MgF,, window.

The spectral irradiance of the arc plasma itself is obtained by dividing
the values given in Table 1 by the transmission of the appropriate

window. The spectral irradiance of the 1ight source using another
window, for example window 2 is then obtained by multiplying the quotient
by its transmission, for example

E)\(#Z) = EL(_{[_)_ x T(#2) (where, for example, the arc

T(#1) was calibrated with window #1)

In this way damage to the arc window does not result in the Toss of a
calibrated light source. Also, it is possible through such substitution

of a calibrated window, to periodically check for deterioration of the
window due to, for example, condensation on the window of uv-photodissociated
hydrocarbons in the vacuum system.

1. Calibration Conditions. ‘A continuous flow of high purity
(research grade) argon, with total gas cylinder impurities quoted to be
Tess than 10 ppm (99.999% pure), was used to purge the arc source. The
total flow was 5000 cc min * and was divided equally in a gas manifold
and directed to the three input gas ports. The output ports vented
directly into the laboratory. The pressure in the arc chamber was equal
to the ambient pressure, measured to be 1.00 atm, or 760 mm Hg, + 1%.

The arc'was ignited by shorting out the anode (+) and cathode (-)
with a tungsten striking rod inserted into the arc channel. After
ignition, the cathode was withdrawn from the arc axis by unscrewing the
cathode holder exactly five rotations from its inwardmost position.

The current was measured using a calibrated shunt, leads, and
digital voltmeter.

The optical conditions for which the calibration is appropriate are
as follows:

a) The arc was aligned with its axis of symmetry along the optical
path. The center arc plate of the arc was 50 cm from the entrance

3-33



aperture, which was 1mm x 2mm.
b) The spectrometer resolution was 0.8 nm.

c) A short gas cell is located between the mini-arc and the vacuum
system. It is normally purged with high purity argon at atmospheric
pressure. Thus, the mini-arc uv window is not exposed to vacuum system
contaminants during a calibration.

2. Mini-Arc Characteristics and Goniometry. The mini-arc calibrated
is a modified version of similar arcs previously calibrated. The modification
resulted in approximately uniform radiation over a much larger solid
angle than that characteristic of earlier mini-arcs. In addition, the
ignition of the arc was greatly facilitated.

By measuring signals as the arc was rotated about its center, the
irradiance was mapped over the major part of the solid angle irradiated
by the arc. Measurements of the irradiance at 320 and 220 nm were taken
at 1 degree increments for both 6 and ¢, where 6 is the angle about a
horizontal axis thorough the arc center and ¢ is the angle about a
vertical axis (See Fig. 1) The results are given in Table 2 and in Fig.
2. Values in the table and figure are relative to the irradiance for §
=¢ =0, i.e. where the arc is aligned with the optical axis. The angular
resolution for these measurements was + 0.3 degrees for both & and ¢.
The data at 320 and 220 nm showed no significant difference as far as
relative signal vs angles & and ¢.

The irradiance of the mini-arc is a function of pressure. The
values in Table 1 apply to an ambient pressure of 1 atm. The irradiance
at other pressures is given by

L(p) = (1.2 p - 0.2) L(0)

where p is the pressure in atmosphere and L(0) is the irradiance at I
atm. This relation holds for all wavelengths.

Tests have shown that the MgF, window is the component most Tikely
to cause a systematic change in the arc irradiance. Measurements on the
NBS arc indicated a negligible change in the irradiance of the arc
plasma itself after 24 hrs continuous operation. Window deterioration
may arise from radiation damage or from vacuum system hydrocarbons. Some
windows have shown a wavelength dependent change in transmission of a
few percent after several hours use. Therefore, periodic checking of
the window transmission is recommended, as described on page 1.

The ultraviolet continuum spectrum is interrupted by several atomic
and ionic emission lines, mainly in the wavelength region from 114 nm to
135 nm. These lines arise from air and water vapor impurities in the
argon gas cylinder, the gas handling system, and the outgassing
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arc chamber. Table 3 lists the wavelengths where these lines occur for
an arc current of 40 A and indicates the relative intensity of the lines.
relative to the argon continuum for a bandpass of 0.25 nm.

Figure 3 is a strip chart recording of a photoelectric scan of the
spectrum under these conditions. The width of the Tines is instrument-
1imited in this case. High resolution measurements indicate that all
the 1ines have a halfwidth of about 0.0T nm.

3. Uncertainties. The uncertainties are a function of wavelength,
since three different primary standards were used in the calibration
procedure. The uncertainties are summarized in Table 3.
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Table 1. Calibrated spectral irradiance of Arc II in units

of Wem 2 nm !, Values of the spectral irradiance are

given for an arc current of 40.00 A, and at a distance

of 50.0 cm from the center of the arc.

Spectral Irradiance
Wavelength with window #60 Transmission
(nm) (W em™? nm 1) Window #60 Window #62
335 8.52 x 1077 918 938
320 8.09 x 107 916 935
310 7.66 x 1077 913 931
300 7.22 x 1077 912 .929
290 6.74 x 107/ 902 924
280 6.18 x 1077 .877 914
270 5.73 x 1077 868 .904
260 5.26 x 107/ 874 .900
250 4.82 x 1077 884 .904
240 4.42 x 1077 889 .909
230 3.90 x 1077 .899 912
220 3.38 x 1077 .896 .914
210 2.88 x 107/ .894 912
200 2.39 x 107 886 .909
190 1.88 x 1077 869 .904
180 1.42 x 1077 836 891
170 1.07 x 1077 798 .872
162 882 x 1077 775 860
694 x (077 753 .850 -

152
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6 (degrees)

Table 2. Relative signal as a function of 6 and ¢, where 0 and ¢ angles arc is rotated from optical
Ao 7w XS (See text and fig. 1). A
.689 .749 .692
.855 .934 .953 .956 .946 .934 .856
.908 .967 .975 .978 .978 .mwm_ .966 .949 911
.884 .956 .988 .992 :989 .989 .989 .981 .972 .956 .894
..miw .970 .992 .994 .@@m .994 .991 .986 .981 .966 .939
.850 .940 .987 1.005 1.000 1.000 1.000 .999 .999 .994 .983 .961 .840
.876 .957 .992 1.005 .mwN 1.001 1.000 1.000 1.002 .000 .994 .975 .mwmmw
.863 .955 1.006 1.012 1.010 1.001 1.003 1.005 1.001 .997 990 977 .886
.932 .979 1.004 1.005 1.001 1.004 1.005 1.004 .995 .983 .949
.901 .956 .983 1.005 1.003 1.000 1.003 .999 .983 .963 .935
.924 .962 .985 .995 .990 .990 .990 .976 .951
.819 .910 -941 .966 .979 .966 .954 .933 .830
.665 .865 .910 919 .914 .881 .666
-6 -5 -4 -3 -2 -1 0 ] 2 3 4 5 6

¢ (degrees) ——



Table 3. Squey of emission Tines present in the 40 A argon mini-arc
spectrum. The spectrometer bandpass is 0.25 nm.

Radiance of line peak
A(nm) Element relative to continuum

115.22
116.79
117.69
118.94
119.38
119.99
121.57
124.33
126.13
127.75
128.98
130.22
130.55
131.07
131.95
132.93
133.53
135.58
141.19
143.19
145.91.
146.33
146.75
148.18
149. 26
149.47
156.10
157.50 Ar 1I
160.04 Ar II
160.35 Ar 11
160.65 Ar II
165.72
174.27
174.53
175.19
187.31

188. 90
193.09
247.86
328.0-334.0
336.5-342.5
334.5-347.0 Ar I and Ar I
348.5-350.5 (broadened lines)
353 and above
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Table 4. Uncertainties in mini-arc
spectral irradiance calibration.

Wavelength
(nm)
160-200 10%
200-330 - 6%
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Figure 1. Diagrams defining 6 and ¢
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e

Relative signal

J.00

EO}

/. o0

.79

Ke;

¢ (degrees) —————

Figure 2. Relative signal vs ¢, with 5 as parameter, where 6 and ¢
Arc 11 are angles arc is rotated from optical axis. (See text

and Figure 1).
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/%

The followiny arc window measurements were done
at BASD September 9 throuyh 14, 1983
after completion of SBUV/2 calibration.

3-43

BE8U2-78



/4

(4
‘ B6302-78

DATE: _ 9-9-83 WINDOW S/ _59
Wavelength nm % Transmission

160.0 67.9
180.0 75.5
230.0 85,3
252.0 | . 85.0
273.5 ' 86.4
283.0 88.3
292.2 ' 9U.b
301.9 » yz2.1
312.5 92.5
331.2 92.8
339.8 ’ 92.8
350.0 _ 93.0
375.0 93.0
400.0 - 93.9
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(4
‘ B68U2-78

DATE: Y-9-83 WINDOW S/N 60
Wavelength nm % Transmission
160.0 61.7
180.0 72.3
230.0 82.7
252.,0 : 81.5
273.5 83.1
283.0 ‘ 85.3
292.2 ' 88.3
301.9 Y0.0
312.5 90.2
331.2 90.8
339.8 91.3
350.0 9l.1
375.0 ‘ 91.5
400.0 92.7
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‘ B6802-78

DATE:  9-12-83 WINDOW S/N 68U
L'J‘Aave]ength nm % Transmission

180.0 73.5
190.0 77.3
200.0 79.0
210.0 804
220.0 - 81.6
230.0 82.7
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7 I B68U2-74

DATE: 9-12-83 HINDOW S/N 59
Wavelength nm % Transmission
180.0 77.2
190.0 80,3
2000 g2.1
210.0 83.8
220.0 84.8

230.0 85,7
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’. B6802-78

DATE: 9-14-83 WINDOW S/N 59

After Cleaning

Wavelength nm % Transmission
160 81.2
170 78.3
180 77.5
190 ' 80.0
200 81.9

2100 83.9
220 : 85.3
230 , 86.3
252 ' 85.7

273.5 86.4
283 88.0

292.2 90.8

301.9 91.8

312.5 92.4

331.2 93.1

339.8 93.3

350.0 93.2

375.0 93.2
400 93.8
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(4
‘ B6302-78

. DATE: 9-14-83 WINDOW S/N 60

After Cleaning

Wavelehgth nm % Transmission
160.0 74.6
170.0 78.5
180.0 76.0
190.0 79.0
200.0 30.7
210.0 82.5
220.0 84.3
230.0 | 84.8
252.0 83.1
273.5 83.8
283.0 86.1
292.2 89.1
301.9 90.6
312.5 91.2
331.2 _ : 92.0
339.8 92.3
350.0 92.2
375.0 92.2
400.0 92.8
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3.3 CALIBRATION OF DEUTERIUM LAMPS

For a complete report refer to U.S. Department of Commerce National Bureau of

Standards Report of Calibration

NBS Test No.: 534/226445-1
and
NBS Test No.: 534/226445-3
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g T,é-;,-q % UNITED STATES DEPARTMERMT OF CONiNIERCE
oL Mational Buraau of Standards

% . & Washington, 0.C. 20234

NOV 17 1981

534/226445-1
In reply refer to: 534/226445-2
534/226445-3

Ball Aerospace Systems Division
P. 0. Box 1062

Boulder Industrial Park
Boulder, Colorado 80306

Subject: Deuterium Lamp Standard
of Spectral Irradiance
Order No.: 35519 dated September 4, 1981
Gentlemen:
Enclosed are results of the tests that you requested in the above
reference. Please refer to the above file numbers in any later communi-
cation concerning these tests.

Sincerely,

Qriginal signec by

Klaus D. Miglenz

Klaus D. Mielenz, Acting Chief

Radiometric Physics Division
Center for Radiation Research
Material Tested:

Three bi-post deuterium lamps

_ Enclosure:

Three Reports of Calibration
One Report "Deuterium Lamp Standards of Spectral Irradiance-1981"
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Foas KIS443
(re¥. 13-€3)

U.S. DEPARTMENT OF COMMERCE
HATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 0234

REPORT OF CALIBRATION
of

One Deuterium Lamp Standard of
Spectral Irradiance

Supp]ied to

Ball Aerospace Systems Division
P. 0. Box 1062
Boulder Industrial Park
Boulder, Colorado 80306

(See your Purchase Order No. 35519 dated September 4, 1981.)

1. Material

One deuterium lamp potted in a black anodized medium bi-post base
has been supplied by NBS for this calibration. The lamp designation,
YE-939 is painted on the ceramic insulator on the side of the lamp anode
shield. .

2. Calibration

The lamp was calibrated using the equipment and procedures de-
scribed in the enclosed report, "Deuterium Lamp Standards of Spectral
Irradiance-1981". Note particularly paragraph III of this enclosure,
which describes the orientation and operation of a test lamp.

3. Results

The results of this test are given in the attached Table 1. See
also paragraph IV of the enclosure for a discussion of the uncertainty
of the reported values.

For the Director,
rginal signed by

Alans D, [isizny

Klaus D. Mielenz, Acting Chief

Radiometric Physics Division

Center for Radiation Research
NBS Test No.: 534/226445-1

Date: November 17, 1981 Page 1 of 2

3-52



REPORT OF CALIBRATION
Ball Aerospace Systems Division

TABLE 1

Spectral Irradiance of Lamp No. YE-939 at a distance of 50.0 cm for
a current of 300 mA when operated as outlined in paragraph IIT of the
attached report, "Deuterium Lamp Standards of Spectral Irradiance-1981".

WAVELENGTH SPECTRAL IRRADIANCE
(nm) (W/cm*)
200 : | 0.463
210 .449
220 .434
230 415
240 .391
250 .331
260 .281
270 .242
280 .206
290 176
300 .150
310 .130
320 .12
330 .098
340 .086

350 .077
NBS Test No.: 534/226445-1

Date: November 17, 1981 ' Page 2 of 2
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Forig B S-a8
(r3V. 1153)

U.S. DEPARTMENT OF COMMERCE
NATICHAL DURZAU OF STAHDARDS

WASHINGTON, D.C. M

REPORT OF CALIBRATION

of

One Deuterium Lamp Standard of
Spectral Irradiance

Supplied to

Ball Aerospace Systems Division
P. 0. Box 1062
Boulder Industrial Park
Boulder, Colorado 80306

(See your Purchase Order No.35519 dated September 4, 1981.)

1. Material

One deuterium lamp potted in a black anodized medium bi-post base
has been supplied by NBS for this calibration. The lamp designation,
YE-959 is painted on the ceramic insulator on the side of the lamp anode
shield.

2. Calibration

The lamp was calibrated using the equipment and procedures de-
_scribed in the enclosed report, "Deuterium Lamp Standards of Spectral
Irradiance-1981". Note particularly paragraph III of this enclosure,
which describes the orientation and operation of a test Tamp.

3. Results

The results of this test are given in the attached Table 1. See
also paragraph IV of the enclosure for a discussion of the uncertainty
of the reported values. .

For the Director,
"origal signed by
Klaus D. Mielenz
Klaus D. Mielenz, Acting Chief
Radiometric Physics Division
Center for Radiation Research
NBS Test No.: 534/226445-2

Date:' November 17, 1981 | Page 1 of 2
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fissn,

REPORT OF CALIBRATION
Ball Aerospace Systems Division

TABLE 1

Spectral Irradiance of Lamp No. YE-959 at a distance of 50.0 cm for
a current of 300 mA when operated as outlined in paragraph III of the
attached report, "Deuterium Lamp Standards of Spectral Irradiance-1981". -

WAVELENGTH SPECTRAL IRRADIANCE
(nm) (W/cm?)
200 0.506
210 .481
220 .455
230 . .425
240 .394
250 ' .328
260 .275
270 .234
280 .198
290 .168
300 .143
310 123
320 .107
330 .094
340 .083
350 .074

NBS Test No.: 534/226445-2

Date: November 17, 1981
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Foi RIS4S
(ruy. 13<3)

U.S. DEPARTMENT OF COMMERCE
NATIOHAL PUREAU CF STANCARDS
WASHINGTON, D.C. 234

REPORT OF CALIBRATION

of

One Deuterium Lamp Standard of
Spectral Irradiance

Supplied to

Ball Aerospace Systems Division
P. 0. Box 1062
Boulder Industrial Park
Boulder, Colorado 80306

(See your Purchase Order No.35519 dated September 4, 1981.)
1. Material

One deuterium‘lamp potted in a black anodized medium bi-post base
has been supplied by NBS for this calibration. The lamp designation,
YE-964 is painted on the ceramic insulator on the side of the lamp anode
shield.

2. Calibration

The lamp was calibrated using the equipment and procedures de-
scribed in the enclosed report, "Deuterium Lamp Standards of Spectral
Irradiance-1981". Note particularly paragraph III of this enclosure,
which describes the orientation and operation of a test lamp.

3. Resuits

The results of this test are given in the attached Table 1. See
also paragraph IV of the enclosure for a discussion of the uncertainty
of the reported values.

fqr the Director,

’»,,!..;, T T
wligilar Lizace 3,

i30S D, Lielery
Klaus D. Mielenz, Acting Chief
Radiometric Physics Division
Center for Radiation Research
NBS Test No.: 534/226445-3

Date: November 17, 1981
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REPORT OF CALIBRATION
Ball Aerospace Systems Division

TABLE 1
Spectral Irradiance of Lamp No. YE-964 at a distance of 50.0 cm for

a current of 300 mA when operated as outlined in paragraph III of the
attached report, "Deuterium Lamp Standards of Spectral Irradiance-1981".

WAVELENGTH SPECTRAL IRRADIANCE _
(nm) (W/em?3)
200 0.508
210 .485
220 .461
230 .432
240 ‘ .401
250 .336
260 .283
270 .242
280 .204
290 | 174
300 ' .149
310 .128
320 12
330 .098
340 - .087
350 .077

NBS Test No.: 534/226445-3

Date: November 17, 1981
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3.4 DIFFUSERS

For a complete report refer to U.S. Department of Commerce National Bureau of
Standards Report of Calibration NBS Test No.: 534/97D-83.
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UNITED STATES DEPARTMENT OF COVIMERCE
National Bureau of Standards
Washington, D.C. 20234

BT 18 198
In reply refer to: 534/97D-83

Ball Aerospace Systems Division
Attn: William Fowler

P. 0. Box 1062

Boulder, Colorado 80306

Subject: 6°/Hemispherical Reflectance
and Bidirectional Reflectance
Distribution Function (BRDF)
of 8 BaSo, Diffuser Plates and
1 Aluminum Diffuser Plate

Order No.: Reference Letter Dated Sept. 9,
1983 from SBUV/2 Technical
Officer, NASA/GSFC Metsat
351-3450, signed by F. G.
Cunningham,

Gentlemen:

Enclosed are results of the test which you requested in the above
reference. Please refer to the above file number in any later communication
concerning this test.

Sincerely,

~

Klaus D. Mielenz, Chief
Radiometric Physics Division
Center for Radiation Research

NBS Cost Center 5342600

Enclosure:

One Report of Test
NBS Monograph 160
NBS Tech. Note 594-11
1 reprint

1 figure

8 tables
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rorm NBS-289
(3-08)
U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

REPORT OF TEST

for
6°/Hemispherical Reflectance Factor
and
Bidirectional Reflectance Distribution Function (BRDF)

of

8 BaSO4 Diffuser Plates
and

1 Aluminum Diffuser Plate

Submitted by

Ball Aerospace Systems Division
Attn: William Fowler
P. 0. Box 1062
Boulder, Colorado 80306

(Reference Letter dated Sept. 9, 1983 from SBUV/2 Technical Officer,
NASA/GSFC Metsat Project/480, Cost Center No. 531-3450, signed by F. G.
Cunningham.)

1. Purpose

The purpose of this test is to measure: (1) the 6°/hemispherical
reflectance factor of 8 BaSO, diffuser plates and 1 aluminum diffuser
plate, and (2) the bidirectiéna] reflectance distribution function
(BRDF) of selected BaS0, diffusers and the aluminum diffuser. The
conditions of 1]1um1nat40n and viewing for the BRDF measurements are
illustrated in Figure 1. A complete definition of BRDF is given in a
copy of NBS Monograph 160 accompanying this test. A complete description
of the NBS reference spectrophotometer for diffuse reflectance and the
NBS reference specular reflectometer that were used for the measurements
reported in this test are given in references 1 and 2.

2. Materials

- The materials submitted for measurement and the dates on which they
were measured are listed below for the 6°/hemispherical and the BRDF
measurements. The results of the measurements are listed in the indicated
tables.

NBS Test No.: 534/97D-83

Date: October 3, 1983
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REPORT OF TEST

Ball Aerospace Systems Division Page 2
Specimen
1D 6°/Hemispherical BRDF
BaS0,(2"x2") . No. 1 Aug. 19 (table 2) Sept. 2 (table 5)
o " w2 Aug. 19 (table 2)
" " "3 Aug. 18 (table 1)
o(3"x4) "1 ‘ Aug. 19 (table 2)
" " 2 Aug. 19 (table 2) Sept. 7 (table 6)
" " "3 Aug 18 (table 1) Sept. 1 (table 4)
Sept. 20 (table 3) Sept. 14 (table 7)
"o(12"x12m) 3 Aug. 18 (table 1)
" " B Sept. 20 (table 3)
Aluminum (3"x4" No.5083 Sept. 20 (table 3) Sept. 14 (table 8)

3. Measurements of 6°/Hemispherical Reflectance Factor

Measurements of 6°/hemispherical reflectance factor were made by means of
the NBS reference spectrophotometer for diffuse reflectance (see reference 1).
The spectral passband was 10 nm. Measurements were made at the 12 requested
wavelengths (see wavelength listing in Tables 1 through 3) with the sample beam
incident on the specimens at 6° from the normal. The specular component of the
reflected sample beam is included in the measurement of 6°/hemispherical
reflectance factor. The sample beam illuminates an area of 12 mm by 18 mm in
the center of the specimen.

Three specimens of freshly prepared pressed Halon powder are measured
before and after the test specimens. These measurements and the absolute
(reflectance relative to a perfect diffuser) of the Halon are used in the data
reduction to adjust the measured reflectances of the test specimens to the
absolute reflectance scale (see reference 3). The 6°/hemispherical reflectance
factor for the test specimens is reported in Tables 1 through 3.

4. Measurements of Bidirectional Reflectance Distribution Function (BRDF)

Measurements of BRDF for the geometrical conditions specified in Figure 1
were made by means .of the NBS Reference Specular Reflectometer and NBS
Reference Spectrophotometer for Diffuse Reflectance (see references 1 and 2).

NBS Test No.: 534/97D-83

Date: October 3, 1983

3-61



REPORT OF TEST A
BALL AEROSPACE SYSTEMS DIVISION Page 3

Measurements were made at each specified wavelength and angle of viewing
for two polarizations. Because of the low signal levels associated with this
type of reflectance measurement, a step-down technique was used in order to
expand the lower range of the photometric scale for the specimen measurement.
This was accomplished through the use of a specular black glass of
approximately 4% specular reflectance. The absolute reflectance of the black
glass was determined by direct techniques for measuring specular reflectance.
Measurements of the test specimens were then made relative to the black glass
for each specified wavelength, angle of viewing, and polarization. The ratio
of the reflected radiance of the test specimens to the incident irradiance was
later computed, using the black glass reflectance data to establish the
absolute scale for the BRDF reflectance values of the test specimens. The data
for the two polarizations were averaged. The results of the data reduction are
1isted in Tables 4 through 8.

5. Specification of the Detector Limiting Aperture Solid Angle and Projected
Solid Angle A

The average solid angle and average projected solid angle of the limiting
aperture of the detector were determined for each viewing angle by measurement
of the distance of the limiting aperture from the specimen plane and the
diameter of the aperture. Since the illuminated area of the specimen is not a
point source it was necessary that the average solid angle and average
projected solid angle of the illuminated area be determined for purposes of
computing the BRDF values. When the radiation beam with £.25° collimation is
incident on the specimen at the specified 70 degrees, the illuminated area is
36 by 18 mm. The distance from the center of the illuminated area to the
center of the Imiting aperture of the detector is 480 mm. The diameter of the
1imiting aperture is 34.79 mm. The average solid angle and average projected
solid angle of the illuminated area measured from the center of the limiting
aperture were determined by dividing the illuminated area into 648 l-mm square
areas and computing the solid angle at the center of each l-mm square area.
These calculations were made for each specified angle of viewing. The average
values from the array are as follows:

Average Average

Viewing Solid Angle Projected Solid Angle
Angle (Steradians) (Steradians)
-22° ' .004118 .003818

-25° .004118 .003732

-28° .004119 .003636

-31° .004119 .003531

-34° .004120 .003415

NBS Test No.: 534/97D-83

Date: October 3, 1983
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6. Uncertainties

The values of 6°/hemispherical reflectance factor Tisted in Tables 1
through 3 are believed to be uncertain by no more than *0.005 (1/2 percent).
This uncertainty is based on the variation in reflectances of the freshly
prepared pressed Halon specimens and on the random errors in the measurements.
Errors due to test specimen nonuniformity have not been assessed.

Several uncertainties in the measurement process contribute to a final
uncertainty of #0.01 for the BRDF results reported in Tables 4 through 8. An
uncertainty of #0.0037 in the BRDF is introduced through the step-down
technique in which the black glass specular reflectance is used. Uncertainty
in the distance of the limiting aperture from the specimen plane contributes an
uncertainty of *0.0013. Another uncertainty of #0.0010 exists for the measured
diameter of the limiting aperture. In addition to these, there is a random
error that contributes another 10.0040 to the uncertainty.

7. References

(1) Venable, W. H. Jr., Hsia, J. J., weidnér, V. R., "Development of an
NBS reference spectrophotometer for diffuse reflectance and trans-
mittance", Nat. Bur. Stand. U. S. Tech. Note 594-11, 47 pp. (1976).

(2) Weidner, V. R., Hsia, J. J., "NBS specular reflectometer-
spectrophotometer", Appl. Opt. 19, 1268-1273, (1980).

(3) Weidner, V. R., Hsia, J. J., "Reflection properties of pressed poly-
tetrafluoroethylene powder™, J. Opt. Soc. Am. 71, 856-861, (1981).
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Table 1

L oo JR— - . . .
6 /hemispherical Reflectance Factor of Three BaS0, Specimens leasured Aug., 18, 1983

Hlavelength BaSp4 BaSO4 BaSO
{nm) 2"'x2" No. 3 3"x4" No. 3 12"x12" No. 3
230 0.9002 0.8937 0.9000
252 .9203 .9159 «9207
273.5 .9312 . 9282 .9342
283 .9308 <9279 .9368
292.2 .9335 | .9312 9407
301.9 .9397 .9374 <9454
312.5 .9457 .9429 .9484
331.2 L9512 .9484 - .9532
339.8 .9531 9503 .9547
350. ~ .9551 .9527 . 9564
375 <9562 9528 L9579
400 9565 9545 . 9585

NBS Test No.: 534/97D-83
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Table 2

6°/hemi5pherical Reflectance Factor of Four BaSO, Specimens Measured Aug. 19, 1983

Yavelength BaSQ0y BaS0y BaSC4q Ba50,
(nm) 2Ux2" No, 1 22" No. 2 3"x4" No, 1 3"x4" No, 2
230 0.9046 0.9000 0.8002 0.9101
252 9236 i « 9204 8765 + 9273
27365 + 9203 « 9225 .8910 | . 9106
283 . 9227 L9221 .8970 .9218
202.2 9192 L9216 «9142 . 9088
301.9 29243 . 9283 . 9297 . 9064
312.5 9451 « 9440 . 9446 « 9402
331.2 « 9223 . 9529 9543 « 9465
339.8 .9519 J9542 . 9574 +9409
350 .9518 . 9558 . 9590 . 9419
375 . 9611 « 9597 « 9606 + 39293
400 . 9500 . 9547 « 9567 . 3457

NBS Test No.: 534/97D-83
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Table 3

6°/hemispherical Reflectance Factor of Two 3250, Specimens and One Aluminium
Diffuser Specimen Measured Sept. 20, 1983

Wavelength BaSO4 BaS0Oy Aluminum Diffuser
(nm) 3"x4" No. 3 12"x12"(plate B) 3"x4" No. 5083
230 6.8864 0.9072 0.4046
252 .9094 .9317 L4372
273.5 . 9186 <9195 4607
283 <9204 . .9387 L4676
292.2 .9213 .9284 LATH2
301.9 .9283 .9248 4838
1312.5 .9367 9520 4871
331.2' .9468 - . 9562 L4968
339.8 £9492 - 29495 5017
350 L9515 .9525 5055
375 .9524 . 9659 5104
400 .9548 L9577 5145

NBS Test No.: 534/97D-83
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Bidirectional Reflectance Distribution Function of BaSO4 (3"x4" Mo,

Measured Sept.
Havelength
nm
230
252
273.5
283
292,2
30149
312.5
331.2
' 339.8
350
37%

400

NBS Test No.:

Table 4

1, 1983. Angle of Incidence = 70° .

=22 =25
0.2298 0.2298
.2481 .2505
2531 .2548
2653 .2681
2676 2697
2581 2599
2635 2656
2693 2710
2652 2664
2679 .2701
2712 2730
2703 2730
534/97D-83

Angle of

3-68

Viewing (Deg.)

=28

0.2344
.2521
2574
.2703
2715
22629
.2679
«2740
2675
2714
+2750

2748

3)

=31 =34
0.235%4 0.2413‘
«2530 2574
«2598 #2625
2721 »2750
<2744 2771
#2657 «2678
22701 2736
« 2760 2779
«2700 .2735
$2736 2764
2773 .2809
2768 « 2798



Table 5

Bidirectional Reflectance Distribution Function of BaSO, (2"x2" MNo. 1)
Measured Sept. 2, 1983. Angle of Incidence = 70°,

Wavelength Angle of Viewing (Deg.)‘
(nm) -22 =25 =28 =31 -34
230 0.2372 0.2413 0.2455 0.2431 0.2440
252 .2501 2520 2550 2584 2611
273.5 2577 2589 2606 2632 2665
283 2653 2674 2699 2724 2753
292.2 " .2681 2688 2714 2746 2771
' 301.9 .2604 .2628 2653 2679 .2704
312.5 2660 2676 .2703 2737 2775
331.2 «2697 2728 .2740 .2768 2796
339.8 2654 2668 2693 2721 2750
350 2663 .2681 2704 2725 2755
375 2714 2736 - .2778 2798 2815
400 02692 2715 2737 $2769 2800

NBS Test No.: 534/97D-83
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Table 6-

Bidirectional Reflectance Distribution Function of BaSO, (3"xa" No. 2)
Neasured Sept. 7, 1983. Angle of Incidence = 70°,

Havelength : Angle of Viewing (Deg.)
(nm) -22 =25 =28 =31 -34
230 0.2350 0.2372 0.2372 0.2424 0.2430
252 «2528 2553 «2571 2591 2622
27365 #2563 «2586 #2611 02640 2672
283 2660 22679 »27C6 «2730 2764
292,2 2672 2692 2718 2744 2773
301.9 «2604 02627 2649 $ 2679 2711
312.5 «2671 2688 22711 2739 2771
331.2 2703 2719 2744 2768 «2801
339.8 2672 2690 2715 e2742 27772
350 «2685 «2703 e 2726 2754 #2790
375 2726 2748 02771 «2797 «2829
400 2729 627743 2765 #2793 #2823

NBS Test No.: 534/97D-83
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Table 7

Bidirectional Reflectance Distribution Function of BaSQs (3"x4" No. 3)
Measured Sept. 14, 1983. Angle of Incidence = 70°.

tlavelength Angle of Viewing (Deg.)

(nm) =22 =25 =28 -31 =34

230 0.2352 0.2329 0.2376 0.2405 0.2384
052 2521 .2535 2568 2592 2620
27345 2520 2538 2562 2586 2613
283 2632 - 2647 2671 2699 2735
292.2 .2632 .2653 .2675 .2694 .2730
301.9 2566 .2585 2607 2632 2663
312.5 2656 2672 2693 L2718 2747
331.2 .2683 .2700 2722 2750 2776
239.8 2657 2678 L2700 2729 L2760
350 2679 2693 2717 2739 2769
375 2710 .2729 2750 2779 .2811
400 02724 ‘ .2744 2768 2796 2826

NBS Test No.: 534/97D-83
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Table &8

Bidirectional Reflectance Distribution Function of Aluminum Diffuser Plate 5083
Measured Sept. 14, 1983. Angle of Incidence = 70°.

Wavelengfh Angle of Viewing (Deg.)
(nm) =22 =25 -283 -31 -34
230 0.1357 0.1423 0.1527 0.1662 0.1703
252 1526 1634 . 1746 .1879 .2028
273.5 1612 1721 .1836 1972 2118
283 .1686 1794 .1919 .2056 2213
292.2 .1731 . 1840 1966 2114 2274
301.9 1707 .1817 .1940 .2080 .2233
312.5 .1738 .1850 <1977 2120 2276
331.2 .1804 <1923 <2055 2203 2366
339.8 1793 1911 2040 2186 2350
350 .179% .1914 .2046 2196 2362
375 .1858 .1980 2116 2269 .2438
400 .1864 ~1988 2125 .2278 2448

NBS Test No.: 534/97D-83
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3.5 MEASUREMENTS AT BASD OF REFLECTANCE OF COLLIMATING MIRRORS USED IN
SBUV/2 CALIBRATIONS
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POSITIONS AT WHICH MIRROR EFFICIENCES WERE MEASURED
TOP

FRONT
SURFACE

A/N 3990
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MIRROR REFLECTANCE MIRROR A USED ON PRIMARY FIXTURE
WAVELENGTH nm
POSITION 185 . 230 252 273 283
1 85.6 87.6 87.6 85.9 87.4
2 85.5 87.9 | 87.6 86.8 86.8
3 85.0 87.5 87.4 85.7 86.1
4 86.0 87.7 87.7 85.6 86.0
5 g8s.8 | 88.3° 87.1 85.0 86.1
6 86 .4 87.8 87.9 85.1 88.4
7 85.9 87.7 87.7 88.2 86.9
8 86.1 87.7" 87.5 86.9 87.9
9 85.5 87.7 87.4 86.0 88.1
10 85.7 87.7 87.1 85.8 89.2
COLLIMATOR MIRROR "A"
McP. 225 200 u SLITS
Cste DIODE #165 95u BIAS 185nm - 252 nm
UDT DIODE #15429 273 nm - 400 nm
BANJO REFLECTOMETER
MINIARC #2 35 A
A/N 3990
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MIRROR REFLECTANCE COLLIMATOR MIRROR "A"
WAVELENGTH nm
POSITION 292.2 301.9 312.5 331.2 339.8
1 89.1 87.3 88.2 88.0 89.4
2 89.3 86.7 88.5 88.3 89.0
3 89.0 87.4 88.5 88.7 88.4
4 -89.8 87.8 88.1 88.6 88.5
5 89.5 87.1 87.9 88.9 88.3
6 89.6 89.6 88.4 87.8 88.4
7 88.5 89.8 88.0 87.3 88.0
8 89.1 ‘90.1 88.9 88.4 88.9
9 89.6 89.9 90.2 88.8 88.9
10 89.2 90.3 89.2 87.8 89.0
A/N 3990
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MIRROR REFLECTANCE COLLIMATOR MIRROR "A"

WAVELENGTH nm

POSITION 350 375 400
1 89.2 89.2 89.1
2 88.6 89.1 88.6
3 88.3 88.3 88.8
4 88.0 87.7" 89.0
5 87.9 88.4 88.9
6 89.2 89.2 89.9
7 89.6 88.6 91.1
8 89.4 88.7 88.8

9 89.4 88.5 89.5
10 89.4 88.7 89.3
A/N 3990
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MIRROR REFLECTANCE MIRROR "C" - USED IN VACUUM
WAVELENGTH (rm)

POSITION 185 230 252 273 283
1 88.3 89.8 87.1 87.6 88.4
2 89.6 89.3 88.1 87.1 88.2
3 89.1 89.5 87.9 86.1 89.9
4 89.8 89.8 87.7 86.8 88.6
5 90.2 89.6 88.3 86.8 88.1
6 90.2 89.2 ' 87.5 85.3 87.7
7 89.5 89.3 88.0 85.9 87.5
8 89.7 89.3 88.2 86.4 87.3
9 88.3 89.3 88.3 87.5 88.7

10 88.5 89.5 88.5 87.5 88.5
COLLIMATOR MIRROR "C"
MCP 225 200u SLITS -
Cste DIODE #165 185 nm - 252 nm
UDT DIODE #15429 273 nm - 400nm
BANJO REFELACTOMETER
MINIARC #2 35 A.
A/N 3990
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MIRROR REFLECTANCE COLLIMATOR MIRROR "C"
WAVELENGTH nm
POSITION 292.2 301.9 312.5 331.2 339.8
1 89.5 89.5 87.1 87.8 88.4
2 89.7 89.6 86.8 88.1 88.4
3 89.6 89.6 86.4 87.6 88.3
4 89.6 89.9 86.6 88.1 88.2
5 89.6 89.7 86.9 88.0 88.5
6 88.7 87.1 87.9 87.4 87.9
7 88.1 87.4 87.0 87.1 87.9
8 88.0 86.9 86.6 87.1 88.4
9 88.6 88.5 87.3 86.9 87.9
10 88.7 88.6 87.0 87.0 88.6
A/N 3990
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MIRROR REFLECTANCE COLLIMATOR MIRRQR "C"

WAVELENGTH nm

POSITION 350 375 400
1 .88.4 89.3 88.9
2 '88.9 89.2 88.3
3 88.9 89.2 89.7
4 88.7 -89.8 89.2
5 88.5 89.8 89.4
6 88.5 89.4 89.2
7 88.8 88.9 89.3
8 88.4 89.8 88.9
9 - 88.3 89.1 89.2

10 88.4 89.0 88.7
A/N 3990
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MIRROR REFLECTANCE

COLLIMATOR MIRROR 'C'
AT 160.8nm
6/30/83
POSITION WAVELENGTH

: (nm)

1 83.7
2 83.9
3 83.8
4 - 83.8
5 83.8
6 83.6
7 83.6
8 83.5
9 83.5
10 83.4

A/N 3990
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Vacuum Chamber Quartz Window

DATE: _ 3-29-83 . WINDOW S/N W-1
Wavelength n.m, % Transmission
185.0 ‘ 85.3
230.0 89.4
253.7 89.6
273.5 90.4
283.0 90.4
292.2. 90.5
301.9 | 90.7
312.5 91.0
331.2 . 91.0
339.8 ' 91.1
350.0 91.4
375.0 91.5
400.0 91.6
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Section 4 .
RADIOMETRIC CALIBRATION

4.1 METHOD

The instrument is calibrated radiometrically by recording its responses to
three types of irradiance standards; a 1000 W tungsten quartz-halogen-type
FEL-Lamp, a deuterium arc, and an argon mini-arc. Figure 4-1 shows the ap-
proximate spectral irradiance at 50cm of these source types. The calibration
fixture is depicted in Figure 4-2. The various sources are mounted on a car-
ousel so that they can be accurately and repeatedly positioned for use. A
concave mirror, 50cm from the source, collimates the light. The collimated
beam is incident upon the instrument diffuser (for sun viewing mode) at about
70°. The .incident angle of sunlight will vary from about 62° to 78°. To pro-
vide a source of radiance to calibrate the Earth viewing mode, the instrument

diffuser is stowed and a calibrated "test diffuser" takes its place.

A typical calibration sequence runs as follows: A source is selected, posi-
tioned, turned on, and allowed to stabilize. The STE computer controlling the
instrument is loaded with the macro WLCAL for wavelength and diffuser calibra-
tion checks. The internal mercury arc source is turned on and illuminates the
entrance slit directly and later via reflection from the diffuser, providing a
check on the diffuser's reflectance. The instrument operateé 1n‘sweep mode to
record the position of all the Hg lines, then in position mode to record the
instrument profile at 253.7 nm in detail. Next, the macro CALSWEP is used for
sweep mode calibration. In this routine, the instrument performs 10 consecu-
tive wavelength sweeps from 400 to 160 nm alternating between sun-viewing
(irradiance) and earth-viewing (radiance) modes with each scan. Macro CALSWEP
is repeated giving a total of 20 consecutive sweeps of data. Then, the macro
DISCAL is loaded for position mode calibration. In this routine, the instru-
ment dwells at 12 selected grating positions, normally at the "discrete wave-
lengths". Fifty data samp]és are taken each in sun-viewing aﬁd garth-viewing
mode at each grating position. Grating position is changed every 1UU data

samples, going from short to longer wavelenéths. Finally, the macro GDISCAL
runs the instrument through its discrete mode in which the grating steps to a -

4-1
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new wavelenygth for each data sample. This wmore closely resembles orbital
operation where siynal levels rapidly change. Ten scans through the 12 dis-
crete wave]engths are made from short to lony, then the change is made from
earth-viewing to sun-viewing mode, then ten more scans are made. This ends a

typical sequence with a particular standard lamp.

There are two calibration test fixtures, the primary which is located in a
taminar flow clean-room and the vacuum test fixture for which all components
except the sources are in a temperature controlied vacuum chamber, Using the
vacuum fixture, the temperature dependence of the instrument response is mea-
sured and the calibration is extended into the vacuum ultraviolet region, The
VUV extension is done only with the mini-arc and its MyF window which can be
attached to the vacuum flange on the chamber,

The instrument's radiance response (earth-viewiny mode) is also measured by
illuminating a BaSUy diffuser directly at normal incidence with a FEL lamp.
The instrument views the diffuser at an angie of 20° from the normal.
"CALSWEP, ODISCAL, and GDISCAL macros are run, however, no sun-viewing mode
(irradiance) data can be taken.

Table 4-1 Tists all calibration runs for the EMU/F1ight instrument.

4.2 CALCULATIONS INTRUDUCTION

The objective of the radiometric calibration is to obtain the instrument's
calibration constants at all wavelengths and in all operational modes. The
calibration constant is denoted by (Ldk/C)A or (Edk/C)y where C is the instru-
ment response in terms of PMT anode current and L and E are radiance and
irradiance, respectively. Fiyure 4-3 shows schematically the variables and
calculations involved in arriviny at the calibration constants. The cali-
brated ligyht source and its goniometric mappiny determine the average spectral
drradiance incidence upon the collimating mirror, The average spectral re-
flectance of the mirror then yieids the spectral irradiance, Edk incident upon‘
the instrument diffuser. In the vacuum chamber the window transmittance is
also a factor. For radiance calibration, the diffuser BRDF is combined as a

42
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product integral with the vignetting function of the instrument yielding a
weiyhted averaye BRDF. This, combined with the incident irradiance and cosine
of the angle of incidence, yields the diffuser radiance, Ldk. Then the in-
strument calibration constants for the various wavelengths, modes, tempera-
tures, sources and diffusers are the calculated Edk and Ldk divided by the
instrunent (PMT anode current) responses.

4,2.1- Instrument Response, Cp

The instrument response is received in diyital form; ranging from 64 (the zero
offset level) to 65535 counts on 3 ranges. These counts are converted to
equivalent anode current by the following formulas:

Cp (amps) = (Counts - 64) x .153x10‘4xNF X Ny
where
range factor, Np = 10-19, for range 1
10-8, for ranye 2

10-6, for range 3

mode factor, My = 1, for discrete mode

12.5 for sweep mode
The range factors yiven above are idealized; in practice they will contain an-
other factor nearly equal to 1 which is determined by comparing the ranges

where they overlap.

4.2.2 Averaye Spectral Irradiance, Edk on the Diffusers

The spectral irradiance, E, of the standard sources at 50 cm, is provided by
the National Bureau of Standards at 10nm intervals. It is necessary to inter-
polate between these calibrated points to fill in the SBUV/2 calibration. For
the FEL lamp, the NBS also provides a curve fit having the form of the Plank

4-3



-

BogU2-78

black body function multiplied by a fourtn order polynomial in A. For the arc
lamps there is no such analytic expression for their spectral output, there-
fore, cubic spline interpolation was used for them.

The anyular field of illumination of the sources which we use is quite large,
about + 5° in elevation and t 3° in azimuth. The NBS measures the angular
dependence Es (G, ¢) of the output from the FEL Tamps and mini-arcs, normal-
ized at @, & = 0. We take the average, Es (@,(P) of this a_g_d_ multipl y 1t by
the on-axis irradiance to obtain a field-average irradiance, EA’ E)Es(@q’)

The spectral reflectance, gm(x,\(, 3) of the collimating mirror is measured
at 12 wavelengths and at 10 locations on the mirror. We average this over the

R t s
mirror's surface to obtain 8'“()‘) .

When we are usiny the FEL or D, lamps at the vacuum chamber, we have a quartz

window whose spectral transmittance, gw(}\) must be included.

The averaye Lr_r_:iciance incident at the diffusers is then yiven by:

Eak = Ea E5(@d) £,00) Tew ().
The mini-arcs are not located at 50cm from the collimating mirrors. On the
primary test fixture the distance is 51.75cm and on the vacuun test fixture
the distance is 54.43 cm. The inverse square relation was used to correct for
these distance differences, which should be sufficiently accurate for devia-

tions of this size. The corrections applied were:

Mini-arc I, primary test fixture,

2
E7\= E) (50em) (——5{?75) o 934 E) (SOCM)

Mini-arc II, vacuum test fixture,

2
E, = E (soem) (Sp5) = 084 Eptsoew
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The mini-arc irradiances were also corrected for the chanye in window trans-
mittance as measured in September 1983. See Section 3.2. This is justified
because much of the mini-arcs' operatinyg time was spent prior to the final
calibration.

4.2.3 Spectral Radiance of the Diffuser into SBUV/?

Calculating the radiance of the target for earth-viewing mode calibration is a
conplex process. A brief verbal description is given here followed by a more
involved mathematical justification. The method used heré is not irrevocable;
the raw data exist and can be reanalyzed in any way the user wishes.

Knowing the spectral irradiance and its angle of incidence upon the test dif-
fuser, we calculate the radiance of the diffuser in the direction of the en-
trance slit by applying the appropriate value of BRDF of the diffuser. With
the diffuser so close to the instrument, the vignettinyg alony the entrance
s1it is extreme, causing the instrument to be not uniformly sensitive to ail
parts of the diffuser. We use this vignettiny function to assign weights to
the BRDF at locations over the diffuser. Then we take the weiyhted averaye
BRDOF to calculate a radiance. Althouygh this calculated radiance does not
ayree point by point with what is there, it represents the uniform distant

radiance that would elicit the same instrument response.

4.2.4 Details of Calculation

The diffusers used to provide a radiance taryget for SBUV/2 calibration are
measured at the NBS to provide the BRDF at 70° angle of incidence and at
y = -22°, -25°, -28°, -31°, and -34° angles of scatter. See the NBS report in
Section 3.4 for details. At any point (x, y) on the diffuser, there is a cor-
responding diffuse reflectance described by the BRUF in the direction (o, @)

of the entrance slit. The radiance in the direction of the entrance slit is:

Z(@ad’) = Euk (BRDF(@,QJ))Cosi (1)
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where i = 70.58° is the angle of incidence of Edk on the diffuser. The in-
strument's solid anygle of acceptance of light scattered from the point (x, y)
on the diffuser depends on the direction (e, ¢) from the slit to that point

because of vignetting over the slit length (3cm) of an object so close (2Ucm).
The field of view vignetting yeometry and resulting angular response profile

are shown in Figures 4-4 and 4-5.

Since the instrument is not uniformly viewing a uniform scene, we must relate
this situation to that of viewing a uniform, distant scene. The instrument

response is proportional to the flux that enters the slit. For a uniform
scene that is simply

@w = ZAs-n- - (2)

where Z is the radiance, A, is the slit area and @ is the solid angle of

view. For the nearby nonuniform scene, the flux is

é = IJZCX,Y)‘ wW(X,Y) dxdy (3)

where ;Zf (x, y) is the radiance distributionion the diffuser in the direc-
tion of the slit, and w(x, y) is the solid anyle subtended at x, y by the col-
lecting area of the instrument (which varies because of vignetting). Trans-

forming (1) to x, y coordinates and substituting in (3),

é = Fyy cos( jjBRDF(X,Y)° w (X,Y) duL( )

Figure 4.6 shows the functions BRDF and w overlayed in the plane of the diffu-
ser. Constant value contours are straight lines crossing at 34°, the angle at
which the diffuser is tuned relative to the slit. We estimate the value of-
the double integral of (4) graphically. First we rotate the coordinate system
to x', y', where y' is parallel to lines of constant BRDF, so that BRDF is now
dependent on one variable only, x'. This allows us to rewrite (4) as:
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M ]
§ = Ec“( coS L jBRDF(X) waX',Y') O/r'Q/X' (5)
We evaluate \,J(x')= ,[w(x',w) clrl at five values of ¥! by takiny slices
throuygh the vignettinyg function alony lines of constant BROF at ¥/ = -22°,

-25°, -28°, =31°, and -35°. This results in the profiles of Figure 4.7 whose

areas are the values of the inteyrals.

We complete the integration with the approximation,

¥'= 34°

BRDF (x’) * Wex') dx 2 BROF (x') - W) (6)

X'= 27°

In the summationW(x') acts as a weightiny factor at each value of BRDF. 5o,

in the test situation, the flux enterinyg the instrument is

$= Edx cos 2 BROF (x)+ W ¢x) (7)
xl
whereas in the uniform distant scene,

%a = lAs.O-

For the same instrument response in each case, ¢ = 0g»s SO equating (2) and (7)
and solving for Z .

Z _ Eax Cos ¢ Z BRDF (x') W (8)
X!

As O
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In our evaluation of H(x'), the areas of the profiles, we normalize so that

the sun of the areas is equal to 1.
/
E LVC|(>( ) - .1 (9)

1

A Q
S

| \A/u (X') = X_%:) (10)

This implicitly includes the factor , that is,

Note that we used the Helmholtz invariant {(constancy of the product AQ) since

this treatment reqguires that
w (X,Y) J"JY = As_Q-— (11)

So we arrive at the equation

ldk = Eak cos ZBRDF(X')-\,«/,‘ (x') (12
xl

which is how we calculate Ldk for the radiance calibrations.

Many approximations are made in this treatment; for instance, the instrument
field of view projected on the diffuser is not quite rectanyutar as in Figy-
ure 4-6, because of the compound anyie of tilt of the diffuser. Includiny
this, however, would make only a very small second order correction. When the
first order correction is evaluated by comparing it with taking a straight
averaye of tne BRDF which neglects the vignettiny, the difference is only 0.2%
on the averayge over the wavelengths. So, second order corrections are cer-
tainly unnecessary.

4-8
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4,2.5 Estimation of Normal Incidence Diffuser Radiance into SBUV/2

As a check on the formal calibration of SBUV/2, which is done with collimated
light incident upon the test diffuser, a .30x30cm Kodak White diffuser is
placed 50cm from an FEL lamp and viewed by SBUV/2 from a distance of 60cm and

at an angle of 20° (See Figure 4-8). The diffuser plate is too large for the
NBS to measure its BRDF, so they measured its 6° (angle of incidence) hemi-
spherical reflectance at many wavelengths.

Assuming Lambertian behavior, the spectral radiance of the diffuser at its
center is F? EE .
lu T

spectral 6° hemispherical reflectance of the diffuser

1

where Rx
Ex

spectral irradiance of the FEL lamp at 50cm

At other points on the diffuser, the radiance is different for several rea-
sons, and furthermore, the response of SBUV/2 dis not uniform in all direc-

tions. The reasons why the radiance is not uniform are:

1. The non-uniform angular distribution from the lamp, due mostly to
self occulation of the coiled filament, is most pronounced in

changes of elevation. N
2. The c053 o effect, where ¢ is the angle of incidence at the
diffuser.

The main cause of non-uniform angular SBUV/2 response is vignetting by the 3cm

s1it when viewing a nearby scene. The radiance distribution on the diffuser

is expressed by IA(X’Y) a E:"l?*_ . /[X.Y) . 3(X:Y) J

where f(x, y) is the cos3 o function transformed to x, y coordinates,

and g(x, y) is the angular distribution of irradiance of the lamp

4-9
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Using the same method as in the previous sectﬁon, the f}ux into the instrument
. E. R _
. G- 222 | [fam - 36 y) eo(uY) dx dy

where w(x, y) is the solid angle subtended at point x, y on the diffuser

by the instrument's collecting area.

The lamp's angular distribution, g(x, y), is not expressed analytically, nor
is it known over the total field of view. To estimate @,‘we take g(x, y)
outside the integral and extrapolate its probable values over the field of
view. Then we estimate the remaining integral by summing over fairly large
areas. There is probably more error due to the partly unknown g(x, y) than to
the approximations used for this estimate. The result is a correction factor
of 0.981. The calculated spectral radiance are listed in Table 4-3m.

Details of the estimation follow.

Figure 4-9 shows the field of view of SBUV/2 projected on the 30x30cm diffuser
plate assuming 60cm slit to plate-center distance and a 20° tilt of the plate
(plate-normal to SBUV/2 optic axis). Superimposed are isoirradiance contours
f(x, y) normalized to 1 at the center and based on a cos3e dependence with the
source 50cm from the plate. Calculation shows that rings of equal irradiance-
increment are of very nearly equal area. This means the area-weighted average
is very nearly the same as the simple average over a circular area ‘of the
plate, For thé part of the plate included in the 0.98 circle, the average is
then 0.99. The 0.98 circle occupies about 3/4 of the area viewed by SBUV/Z.
The weighted average of the corners must be greater than 0.970, say 0.973.
This results in an overall average of

(0.75 x 0.99) + (0.25 x 0.973) = 0.986

(An error of $0.004 in estimating the corners contributes an error of +0.001

in the final result.) So we set f(x, y) = 0.986, a constant multiplicative
factor.,

4-10
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The circular contour pattern is correct only for an ideal point source. The
ocm x 0.7cm filament of the FEL lamp has the effect of applying a "“boxcar"
smoothing function to the pattern, Because of the symmetry of the pattern,
the effect on the average will be negligible.

Another correction to make is for the vignetting effect w(x, y), of the 3 cm
long slit when viewing a nearby source. In the cross-slit direction, the
field of view has a sharp cutoff, but parallel to the slit the field of view
response 1is a trapezoid, the sloping sides of which are between the long
dashed lines in Figure 4-9.  Over the sloped region, the radiance changes

about 2%. The difference between integrating the product of the radiénce and
response over this sloped interval;
p p J\J‘f(x’ Y) IATERD! dxdy

and of assuming a sharp cut-off at its midpoint, Ap, is -0.005 out of 1. The

area affected is 1/5 of the total, so the correction is about -0.001, and we
set

‘”-F(X,Y)- W x,Y) O/xcly = O.???AQ

The goniometric output of the FEL lamp was measured over a 6° by 10° field,
shown in short dashed lines in Figure 4-9. An isoirradiance contour map is
shown in Figure 4-10, imposed on the percent differences actually measured
over the +3° by +5° grid. Note that there is 1ittle change of irradiance with
azimuth, but a fairly constant decrease with elevation. Inspection of the
lamp reveals that filament shadowing continues to increase as the lamp is
tilted to about 8 to 10°, then the far side of the coils begin to re-emerge
from behind the near side. So, we can assume that the irradiance continues to
drop off, as extrapolated in the graph of Figure 4-11, to the edges of the
field of view. To estimate the effect of this, the irradiance at a given
angle is multiplied by the fractional area in the field of view at that angle

and these products are summed,
‘J\gf(X,\f) <JxCLr = :EE.E)CY) X4y .

This process is shown in Table 4-2 and the result is a weighted average of
0.9862.

4-11



/4

v/ )
‘ B6802-78

" This results in

¢ - E;f* (0-986)(0.999)(0:98¢6) A L

Again, viewing a distant uniform radiance,

@cp": IAsﬂ_

and equating these and solving for J{

0.9
L g= BUERs

4.2.6 Radiance and Irradiance Tables

Using these methods and formulas, the radiances (Ldk) and irradiances (Edk)
for all of the calibration runs were calculated. The resulting values are
tabulated in Tables 4-3a through 4-3m. These are the values that are input to
the computer utility as described in the next section.

Units are as follows for tables and graphs:

radiance, Ldk mW . g . sr*‘1 . nm
jrradiance, Edk mW . m'2 . r\m—1
wavelength, A nm
anode current, Cp amps
BRDF ’ srt

4.3 RESULTS

After a pa11bration run, the instrument responses .are matched with the Edk or
Ldk appropriate to the part%cu]ar calibration situation; that is, the particu-
Tar combination of source, mirror, diffuser, window, and fixture used. This
is done using an off-line utility on the STE computer which fills in the Edk

and Ldk values over the spectrum using cubic spline interpolation, matches
them with instrument responses, and tabulates the results.

4-12
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4.3.1 Position and Discrete Modes

Table 4-1 is a listing of all the position mode (DISCAL) and discrete mode
(GDISCAL) runs. Before day 223, an aluminum test diffuser that was not di-
rectly calibrated by the NBS was used. This data is mostly from thermal-
vacuum testing and serves to measure relative changes in calibration constants
as a function of temperature. From day 223 onwards, a BaSOy test diffuser was
used on the primary calibration fixture and a ground aluminum test diffuser
was used in vacuum. Both of these latter diffusers were measured directly by
the NBS for BRDF. Similarly, the ball-bearing type instrument was replaced by
a ground aluminum diffuser after day 224, p1ac1hg the irradiance calibration
on a new scale.

We have chosen the data sets LC 26 (Figure 4-12), and EC 26 (Figure 4-13) as

the baseline calibration against which to compare the other runs. What fol-
Tows are comparisons of other runs to these with some remarks concerning the

differences. Due to the surplus of data and scarcity of time, many useful
comparisons have not been made, and much analysis remains undone.

4.3.1.1 Source Differences

Figures 4-14 and 4-15 show the calibration constants obtained using the three

standard source types, all other conditions being the same. The percentage
differences of the calibration constants obtained using the D2 939 Tlamp and

the mini-arc I relative to the FEL 127 lamp are plotted in Figures 4-16 thru
4-19, The constants obtained using the 02 939 lamp are generally 12% to 14%

higher than when using FEL 127, and mini-arc I produces constants that are 20%
to 23% higher. A larger constant indicates a higher estimate of the target

radiance or a lower than calibrated lamp output. Figures 4-20 to 4-23 show
comparisons of results from lamps of the same types; Figures 4-20 and 4-21
show FEL 124 relative to FEL 127 and Figures 4-22 and 4-23 show D, 964 rela-
tive to Dy 939, The two mini-arcs are compared in terms of irradiance only in
Figure 4-24; radiance comparisons of the mini-arcs are too remote because of
test diffuser changes. The two FEL Tlamps agree to within about 3% except for

one point of 5% at 273 nm. No error in calculation has been found to account

4-13
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for this point, but we suspect bad data of some sort is responsible. The
Dy lamps agree to within 2.5%. The mini-arcs show a strongly wavelength-

dependent disagreement, perhaps due to more advanced window contamination of

mini-arc 1.

4.3.1.2 Temperature Effects

During thermal-vacuum testing, calibration runs were made at 0, 10, 20, 25,
and 30 degrees centigrade. The relative values of the calibration constants
that resulted from these runs are a measure of the temperature dependency of
the calibration. The absolute values of the constants have little meaning
because of changes of diffusers and the differences in the vacuum chamber set-
up. Figures 4-24 to 4-28 show radiance calibration constants as a function of
temperature for all twelve discrete wavelengths. Data was taken using the
FEL 127 source and the DISCAL procedure. The slope of a least squares
straight line fit to the data of 301 nm fis 4.6x106 or about 0.38% per degree
centigrade. The increasing calibration constant with temperature means a de-

crease in the instrument sensitivity with higher temperature.

4,3.1.3 Radiance/Irradiance Calibration Ratio

The ratio of radiance to irradiance calibration constant determines the re-
sults of the SBUV/2 albedo measurements. The ratio is plotted for the base-
line calibration (LC26/EC26) in Figure 4-29, and for comparison, the last such
DISCAL run on day 244 (LC38/EC38) is alos plotted. The plots agree to within
1.1% even though different sources, FEL 127 and FEL 124, were used on differ-
ent days, 240 and 244. A more remote comparison is with a vacuum run as plot-
ted in Figure 4-30. In this case the test diffusers are different; BaSOg #3
being used in air and Al 5083 being used in vacuum. These ratios, LC26/EC36
and LC33/EC33 differ by 6 to 7%.

The difference between radiance and irradiance calibrations is the diffusers
being used. By comparing the instrument output signals as the diffusers are
alternated, we can compare the quantities cos i (BRDF) for the various
diffusers.

4=14
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At 301.86 nm wavelength, the ratios come out approximately

BaSOA diffuser

instrument diffuser

in air: = 1.23

Al 5083 diffuser
instrument diffuser

in vacuum: 0.864

Combining these,

BaSO4 diffuser

5083 diffuser - *4°

(The cos i factors are not shown, but they drop out in the last rétio.) Now
the BRDF's of both the BaSO; and Al 5083 were measured at the NBS and the
ratio of those was 1.33. So, considering the procedures at Ball and at the
NBS as two ways of comparing two diffusers, the results are in disagreement by
about 7%.

A suspicious characteristic of the results is the double maximum in all the
radiance calibrations (except for normal incidence diffuser "A") while all
irradiance calibrations show a single maximum. This causes the kinks in the
Radiance/Irradiance curves of Figures 4-29 and 4-30, which do not seem reason-
able, particularly in the case of the two very similar aluminum diffusers
being used in the vacuum runs of day 243. This leads us to suspect that the
double maximum may be an artifact of the measurement of the test diffuser, or
the calculation of the test diffuser radiance, rather than a real instrument
characteristic.

4,3.1.4 Normal Incidence Diffusers
Calibration constants obtained using the normal incidence diffusers without a
collimator are compared with constants obtained with the collimator in

Figures 4-31 to 4-36. Source FEL 127 was used in all these runs.

Figure 4-31 shows the baseline calibration LC26, together with results from
the normal incidence diffusers "A" and "B"; LC23 and 32 respectively.
Figures 4-32, 4-33 and 4-34 are plots of the differences of the constants.

4=15
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Figure 4-35 shows the constants obtained in two GDISCAL runs, one from the
normal incidence diffuser "A" (LC24), and the other collimated (LC25), and

Figure 4-36 is a plot of their difference.

The differences are all large, even between the two normal incidence diffusers
which are +6% to -1.5%. Remember that the large, 12x12 inches, normal inci-
dence diffusers could not be measured in BRDF at the NBS. The 6° (angle of
incidence) hemispherical reflectance was measured instead, and the diffuser

was assumed to be Lambertian to calculate its radiance.

4.,3.2 Sweep Mode Calibration

The results of Sweep Mode runs (CALSWEP) are tabulated and plotted in computer
print-out form. First there is a table of raw counts at each grating position
for ten scans. In the next table the counts at each grating position are
averaged over the ten scans and converted to equivalent anode current. These

are associated with the corresponding calculated radiances and irradiances and
the resulting calibration constants Edk/Cn and Ldk/Cn are listed.

For selected runs, the calibration constants versus wavelength are plotted by
computer, each full scan occupying seven pages. It is important to remember
the ranges of validity for various types of scans which are imposed by the

ranges of calibration of the sources and diffusers:

FEL lamps 250 to 400 nm
D, Tamps 200 to 350 nm
Mini-arcs (vacuum) 160 to 335 nm
Radiance mode test diffusers 230 to 400 nm

Because a single CALSWEP involves 3360 values of calibration constant, the

amount of analysis done here is very small compared to the body of data.

To make some comparisons similar to those done for position and discrete
modes, we used the same IDL program to plot values of calibration constants at

4 nm intervals. This serves to show general trends in the results.

4=~16
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Figure 4-37 shows the irradiance calibration constants results of the CALSWEP
runs SEC 26, made on day 240 using FEL 127 lamp and BaSO4 #3 diffuser. Also,
on the graph are the position mode (DISCAL) results from the same run EC 26.
The CALSWEP calibration constants are an average of 4.07% lower than DISCAL.
When compared to GDISCAL, EC 25, the CALSWEP constants average 2.64% lower.

Figure 4-38 shows the corresponding radiance calibration constants, LC 26 and
SIC 26.

To extend the sweep mode irradiance calibration to the vacuum ultraviolet, run
SEC 36 is used; day 243, mini-arc 2, mirror C, Al 5083 diffuser. The calibra-
tion constants from this run are plotted in Figure 4-39 together with SEC 26,
our baseline calibration in air with FEL 127. If the vacuum/mini-arc con-
stants. are multiplied by 0.89, the results are as shown in Figure 4-40,
matching the values better where they overlap in wavelength.

Figure 4-41 is a plot of the ratio of radiance to irradiance calibration con-
stants; both sweep and DISCAL data from the baseline were run on day 240
(LC26/EC26 and SLC26/SEC26).  The sweep and DISCAL ratios agree to within
about 1.5%.

4.3.3 Cloud Cover Radiometer

Whenever any calibration runs are made with the monochromator, the output of
the CCR is also recorded. Since only the FEL Tamp 1is calibrated out to
379 nm, only that data is useable to determine a calibration constant for the
CCR. Using our baseline calibration runs LC26 and £C26, the CCR responses,
recorded as the monochromator goes through the DISCAL procedure; are listed in
Table 4-5. There is a slight reproducible dependency of the CCR output on the
grating position. We believe this to be due to a cross-talk between the
range 1 counts of the monochromator and the CCR output that causes lower CCR
readings with higher range 1 counts. With the FEL lamp, range 1 saturates at
300 nm and then registers lower apparent counts. This effect has not been
thoroughly studied. Assuming the effect to be least at low range 1 counts,
the CCR calibration constants are

4-17
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E/C 1.94 E12 mH-n~Z-nm™ ! per amp

E

2.06 E11 M -m2osrt ot per amp

L/C|

Looking at the normal incidence diffuser data of day 241, the CCR current 1is
24,2 E-12 amps and the calculated radiance of the diffuser is 4.23

aH-m Z=sr~tonm™l. This results in a CCR calibration constant of

L/c = 1.75 Ell

which dis a -15% difference relative to the collimated calibration run.

(Compare to Figure 4-33.)

The ratio of radiance to irradiance calibration constants for the CCR is 0.106
sr'l. This compares to a value of 0.078 sr_l for the monochromator at 379 nm.
Again, this is the relative efficiency of two diffusers as compared by two

different radiometers. In analyzing CCR data, we have made no correction for
the spectral response function of the CCR, believing it to be negligible when

viewing continuum sources.
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Table 4-2
CALCULATION OF WELGHTED AVERAGE

B6802-78

TOTAL AREA

[IRRADIANCE X AREA]

NORMALIZED
ELEVATION IRRADIANCE AREA
-10 .930 ) 0

-9 .940 .8
-8 948 - 2.87
-7 957 4.94
-6 .967 7.01
-5 .975 9.09
-4 .983 11.16
-3 .986 13.23
-2 .993 15.30
-1 .998 15.30
0 1.001 15.30
1 1.002 15.30
2 .999 15.30
3 .994 13.23
4 .988 11.16
5 .980 9.09
6 971 ) 7.01
7 .961 4.94
8 .951 ¥ 2.87

9 .940 .8

10 .930 0
TOTAL AREA 174.7

* EXTRAPOLATED VALUES

4~20

0

0.43 X 10

1.56
2.71
3.88
5.07
6.28
7.40
8.70
8.74
8.77
8.78
8.75
7.53
6.31
5.10
3.90
2.72
1.56
0.43
0

2

TOTAL  98.62 X 10

2

A/N 3990
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RADIANCE FOR CALIBRATION RUNS WITH NORMAL INCIDENCE DIFFUSERS AND FEL #127

DIFFUSER A DIFFUSER B
WAVELENGTH USED DAY 224 USED DAY 241
Ldk Ldk

252.03 .507 E-1 513 E-1
273.47 163 EO 161 EO
283.00 .252 EQ .252 EO
292.20 .368 EO .363 EO
301.86 .534 EO .518 EO
312.50 763 ED .767 EQ
331.21 135 E1 136 E1
339.81 JA71 E2 470 E1
350.00 222 E1 222 E1
375.00 .391 E1 .394 E1
400.00 .612 - E1 611 E1

Table 4-2m

A/N 3990

4-33



/4

7
‘ B6802-78

Table 4-4
RADIOMETRIC CALIBRATION CATALOG FOR DISCRETE AND POSITION MODES

Radiometric calibration catalog for discrete (GDISCAL) and position (DISCAL)
mode data. The first column is the file name of the data in the [SBUV2.PLOT.-
RADIOMTRC] directory. The other columns identify the data run.—Each file con-
tains jusf twelve numbers, either L/C or E/C for earth or sun viewing modes
respectively, in order of increasing wavelength. Only the L/C files are listed
here. For each L/C file there is a corresponding E/C file except for the runs
using the 12x12 diffusers.

By using the IDL procedures "RADPLOT" or "IRADPLOT", semilog plots can be
produced in standard format. Assign the data values to the 12 element vector Y.
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Filename ate "~ Source Mirror  Diffuser >Temp Macro
LCul 1497 FEL124 C AL old 0 DISCAL
LCO2 " D2 939 - " " " "
LCO3 198 FEL124 " " 10 "
LCo4 " D2 939 " ne " "
LCOS " MINAR? d S " L
LCU6 " FEL124 " " 20 g
LCu7 " " " " " GUISCAL
LCO8 " D2 939 " " " - DISCAL
LCUY " MINAR2 " " " "
LC1U 199 FEL124 " " 30 "
LC11 " " " : " " GUISCAL
LC12 " D2 939 " " " DISCAL
LC13 " MINARZ " " " n
LC14 201 FEL124 " " 25 "
LC15 " " " " " GDISCAL
LC158 " MINARZ " " 0 DISCAL
LC16 217 FEL127 A AL old AMB DISCAL

CLC17 " " " " " GDISCAL
LC1g " D2 964 " " , " DISCAL
LC1Y 220 MINARL " " " "
LC20 223 ~ FEL127 " BS 3 " “
LC2l 224 MINARZ " o " "
LC22 " D2 939 " " " "
LC23 " FEL127 NOME  BS A 12 x 12 " DISCAL
LC24 " " " " " GDISCAL
LC25 240 " A BS 3 " "
LC26 " " " ¥ " DISCAL
LC27 " " " " " GDISCAL
LC28 " D2 93Y " " " DISCAL
LC29 " " " " " GDISCAL
LC30 " D2 964 " " " "
LC31 241 MINARL " " " DISCAL
LC32 " FEL127 MONE BS B 12 x 12 " E
LC33 243 " C Al f1t spr 20 VAC "

Table 4-4 Cont'd
4-35



Filename

LC34
LC35
LC36
LC37
LC38
LC39

/4

-

Source Mirror Diffuser
FEL 127 C Al flt spr
D2 939 H "
MINARZ " ‘ !
FEL124 A_ BS 3

"

Table 4-4 (Cont'd)
4=-36

Temp

20 VAC

i

AMB

B68U2-73

Macro

GDISCAL
DISCAL

GDISCAL
DISCAL

GDISCAL
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INSTRUMENT
MOUNTING PLATE

oy
2

COLLIMATOR
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&

INSTRUMENT

4 4§§§>

e

~ TEST DIFFUSER \’.yZ// /
DEUTERIUM SOURCE .

FEL WORKING SOURCE

ARGGN MINI-ARC

A/N 3990

Figure 4-2 Calibration Setup
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3cm
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Calibration errata

1. For day 217, lamp FEL 127, Mirror A, 0ld Al diffuser

Incorrect
Correct Ldk Correction
A o Ly , used Factor
312.5 - 0.219 EO 0.305 EU 0.718
379.0 0.129 EO 0.219 EO 0.589

This error causes the spline interpolation to go wild in the vicinity of these
wavelengths in the sweep plots. The discrete mode print-outs are in error but
the discrete mode plots are corrected.

2. The reflectance of the collimating mirrors was measured at an angle of
incidence of 7.5° rather than 15°. The discrepancy turns out to be in
the 1% range, within the error range of the measurement itself,

3. Calculations of Eqk & Lgk» Day 240, 244, Source Dy 939.
Incorrect value Ly = .649E-2 at 33Ynm was used. Correct value,

lLgk = +0687E-2 at 339 nm. This skewed the spline interpolation used in

calculatiny nearby Lyqgx, Corrected values are:

DISCAL LC28 GDISCAL LC29
240/14/22 240/17/37
A Lok —_Laklcy Lgk/Cy
312.5 .01000 1290E10 .1 290€ 10
317.5 .00945 .1297€10 .1295E10
331.2 00774 J1042E10 .1U40E10
339.8 .00687 .9219E9 .9221E9

DISCAL and GDISCAL plots have been corrected, computer printouts and sweep
plots are incarrect. :
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